On Lisp =

Common Lisp S HRmERA

Paul Graham


binghe
附注
注：本书 PDF 来自 SourceForge 上 onlisp-cn 项目的 LaTeX 源代码，仅供有关学习者预览。本书的后续校订工作尚未展开，不可避免地存在各种问题，希望读者谅解并积极指出，相关问题可发邮件到 binghe.lisp@gmail.com 给我。


Copyright © 2007 Paul Graham
JEASuh 5 http: //www. paulgraham. com/onlisp.html


http://www.paulgraham.com/onlisp.html

TELAE Bkes A R AR Jackieo






.

Al

il

ARG T IRLEAR T _E— R Lisp B7 . FBrHEUILEEE EAHL T Lisp, (HAZSRAEER
MY, RALERSERRLZEMAIN. RABIUEENTHL AR Lisp B2 FUECGER, Y
AT S BT R A s 1 AKIH) R

W HARME—THIETS [ 19 HE = HIAS B, 1H John Foderato HYIH CAARMGYI T

Lisp & 1Al eI 4mfE 155 o (Lisp is a programmable programming language.)

TG A A8 4, (IR L Lisp BE/OMTTAZ I RES ), AEARARE L _EIEHE Lisp T 5N FIHUAFRZ 4L 1
H BT R B AR, g R TE T LB RO R, BHRAY Lisp F2Fy S L SCEGE H IR _ERY T,
I I S S RMIA R FRIAT N . ABHIX H RN 4G T2, WX 2 Lisp 54 (HA A 58
Il o

BIE R EBYi& T (Bottom-up Design)

BEE PR 2R RIS, BRI I Y B S H w5 RAVRE A AT REAS AN TR AT 2
BRI R AEXFEDLT SR B BTN TS A R 2K — Mo Mg e Mg R s 4: e
B R ER S T EHURE 2 IR A BB SRR, — A AR ERF i — R ZEE R, BN E E—
IR S o X Window M1 TEX S IX e 7 5T E KUk 14 37

AP PZ TR B, X LA R LR 55 g AR PR, Lisp & £ 20k, Sad ok, %5 Lisp
FEFP YIS, >R E TR _E R XSt BT B 98RY o  [RIHG, <On Lisp» B 5 [ PR BEE o X T ARLEA 4R
U5 A RAE IO AR SRR AR AT T EE MIE S IRREMEE A 4. XST Lisp B2 SUR UL, AR
7 — TR SCEARR, 175 M 148 Lisp RIILH R AFZINEL

A A AL RYIX A 44208 1 33 B I L9 RERT T Lisp R H . RAHMNUEM Lisp w5
FEFF, £ Lisp 2. £ (On Lisp) /R AT LMEIE A CHUHE S, AR X MBS KRG

S AMEA 15 5 AR T LA HY BRI B KU YRR, (H Lisp XT3 B 4 B2 KU SR 152 fie H SR A 20K
fE Lisp B, AR LRI FHEARABTRAU N > WA R AR PP Bl m MERE e IR 55 O % T T BOR . AR AUASE Y
FERF R AT LAE—ER L ELAX R A5 o Lisp NIRRT i T R AV 5 o IXFIE S A S HA
LRtE— A Lisp BEHIER S X LEsR B A O LHIBCA AT Do BEE—25, Lisp BRI LAZRIE i H
7, M RF 2 Lisp FYEIRETE . XAEMRE R LU HREAE AR Lisp AUHSHY Lisp BRI%L

—NUFH Lisp R 17 U ZUEAS e R B IR IR R AT BB . B IR AR R E RN B 1R
o BB NS IERNY Lisp B E M9 5 e AR B P i 22— . AT 14R Lisp BAEZa 28
AR IE R T8 B TR AT R — R 2R 4 i BT LM E K AR — T T RE e S B
AR, A AP TR LA HUR TR E . XA HA R — SO KT R R A
WE—REE AR LME, AT RE AL 75 B 255 A0 ORI BGX £E R

— R, Lisp FIAT 1B # A2 58 Lisp AHAIEF 09 XA, X EA T . BT AUEIME AR
AL IR T A 2 Pascal ARTERMEREFAY R WPRARTA ST LE DO T35, A0 R 7R
1E: 140 defun BANA ARG DIIREE L HEFR B, BRI E RPN, X DEF AR T —BA
i, X BRI HTEE T — R BON R 2805 R EUE SN 45 H 19 58— D 2B XA RO R I 5

B H B2 iR ST TS A8 Lisp AR T HABEF . WIFEER, B0 BB, FRSF&4 TR
SR T Lisp AN/ C Pascal B Fortran SR G HEfT o FALKITEIX A MR AIFGRT AT, (H 2 Z0RF),
LR H i 5 KK Lisp 15 5 AR L LE T T AL TSI, A BLRZ MO s, Bl 2O 4

i



ii

¥ A N [0] Louis Armstrong {12 & Bt 2k , b5 T8 “WHERARIA] B4 SR 2AT 4, IRRAKIE AR S FIE . ~ (H
i Aty S LA —Bh 7 2RSS T XA ) : A gt R T A 2R B ke [FRE A —Fh 7 R ARRE Lisp 1Y
JETT AR T TR AR LT AR S R AN L RO B AN AT RESEIR AT BOR . 2RO TUmFE T 1545 , 6045 Lisp
St 1FE , R BEREABLEAR AT DUTMEM K EIE S 95 B9 . <On Lisp» ¥ M2 &8LL LG Lisp 5
HIRESP . A9, HRIA Rt s BT A TR et i NTE S —— X LE#02 Lisp R H
WEFIENPES o

MIRNERTE EUE AR R SN R gL TR S REMT S  HEATTIE S # AT LUME . (HIXFhEE T A gm s
HE R E AP E . He b AT VREE e oh = M= o mT LUR I SRR, (B 52 B AR
R LRI E L.

T LA, Y R UEIX AR A2 56 T AN OB 28 FAth 15 35 00 BIrAS SR SRR A b4 FRIF AR R 2 L B/ R
AIRE”, TR MR IR = A B A o X RN, AR A CRE AP A —LERe 7 /R AT RERT 2
J6M CH—> Lisp iFdr. 217 £ C 1T HIRA Prolog— RAEEZRIX T E L /D TAER 2 5 24
T B el A 180 17 Lisp MEX— o

E A B AE LR EUR Lisp HUSRKZACMAS 2 o FRALAEMERE A AT Lisp SR & — DR
WO R0, 3X A ()R AR 2 0 [R1EF ) B TCIE M A “fF 51 8B IXFERRITE SR 28 . OB R, X n]
RETH RE B 1 Ml AR R X L8 ]

B

M T BREUE Lisp B/ (92EA, Ar R BITIA I LE R A R REUN . 58 2 MR Lisp BRAUT 21T 4,
DARCEATTHR TATMA RE. 26 3 TERT 1R R AR R A0 A0 102 Lisp PR fp S EZRI G o 28 4 T on anfl
FRECRY & Lispo 25 5 B T — Pl 4l 5 07 =, RIR A1 A sR A e 8. f )5, 56 6 TR T /B
8 R EOR IR AL SR S5 44

AT T A RS IE W IR 7 e — 8B B L& KON AR T BN s 22 48— 2 [ B4 T
VESERMAN I 22 JT T I . 56 7-10 WK T —EXR TEBORI AR P NG, R4 T
fif— DA EY ) Lisp B 17 RUITHIN R T 22 R 280N 25 BT AR ; (8 E S0, M, USRI e,
AT 3% P AR AT AN 32 FH 7 5 7 B 2R TE e S A U FR AR O RR e 5 75 XK — e g DX 531
T Lisp XUt ; LUSCEREER AN E B —Fh 2R A 1Y (R

TEIXERHRRZ G, 8 11-18 TR T —L80] DU 2R3 B 58 AA SRR LS. 585 11 &R
5 R 7 —— R LEGI)iE R O, B SEIIEIRECA A I A 2. 5 12 B AR IR Rl AR S A £
fio 55 13 BN 20 I T SR RS B dw i R AR s TS B . R 14 B AR T #8MX (anaphoric)
T, CRVHRTERE T A AR . 55 15 BIRIR 1 Z2 AT 5 5 % B E SURY R AR i it — N B A Y
Pl 2816 TR T M A e L2 i Z2ok1E Lisp ARG T« 58 17 TR EELZ (read-macro) , LA
%18 BRI

519 BEIFIAR T ARBRI BN, X — 0 BB SR IRA RS - 88 19 il R m— 1 F, —1
[ EEAR AR IR Y S AR A8 e TEER IR AGE S R B IX — 358 58 20 BN T afr
F4LE4E (continuation) MHEA5] A Common Lisp P27, i & —Ff A GELL R TH R 5 0 S22 — P oA
JIR T E T AR SR SLL 2 AR AN AR E MR o 2 T AT X Sz il S5 M A2 Lisp /1,58 21 F 22 %
XS dt— 2 BRI 8. AEFEMENT BRI GE M EAIER T H R RIS ALE], BRI I FRE
A NSEH. 2623 Tl 24 FROR T AR AR S, EATEM T e E 4 ARIRIS E 44 — D EER ATN fi#
Mrae, AR — i AZ Prolog, At 200 174X o

IRECRR (KA ARG A 25 L WARIRE R GG R ARy, B A RTER H 200 17485 RE
it 4o RELET  XERE I AR SR g AR BT ARG/, T2 T e 2 LA Lisp FTE A/, B R19 7
XE R 5 23 Al 24 TR EFEASRBEZ A FH— TUARS SE3 ATN ffAf &5 BlcE H P 01553 Prolog, I
AR X SERR P 225 HH B AT F AR BN Lisp SEILAYINHEE & Qb i {13 o« SR THX D5 IR A UE &



ii

FHSEABRIER 1 3R IT LA AP U AR Lisp X5 LA BRI B R gt XS S 2 —F AR BIIE S |, BN H KA
LR X RIS Lisp F P ELA 4 9810 75 2o

A LT A G g e st , Eh 318 T cLos, Common Lisp X5 A%, fliX—3 Bl
B 5, FATAT LA I R M 2 | 1 A X R B gt 7 e —Fh e XMy IR T — L B EAF1ET Lisp
B B BRERZMATLIE £ Lisp LR EZ —.

BT T 28 269 Tl IXEEVERE ARS8 S0k, #h el B i AAD , 5 & A K Lisp 1B
AN HT A BRI R A — 2305 TR I DU B B /N BEARTE HE R Y U o BAMER
— KT (package) AR, 7E5 265 T

EH L — B s A B2 B & A DAL T @, IR, T3ET Lisp /E N0 R gm i is
T2 S M RE A BN KB 43 1Y Lisp FiAR o IX AR KR Z AR EH#E A Lisp #H X ATl BR 2
KBS MBI A2k A LR 5 a0 722 B 1E H s A i e A BT, B2 X T2 IR A &K
B Lisp #2157 SR vt HoE— A1 fif

i

Lisp & T8 5 2 ke H1 T Common Lisp /3 982 4E |32 6 I 895 55, A% 43 B9 K HE 3 71 1 0 2 £
FH Common Lisp 445 #. 7E 1984 4F, Guy Steele H] Common Lisp: the Language (cLtrl) B {XAE L T X[ 11H
Fo 1990 4F ZASH AR (crre2) HARLAR X E LI, cure2 Al RESLEALTRRAY anst hrifee

AP ET R, NEfE R A A R R ANIEATHY Prolog SEEL. FH AR A4S |, S R BiE]
T AT AE A E TR PAEAE A Common Lisp Fizf7. AW FFE A E curel #LiEZ 4h
HURFE 1K L8 7R R 2 AR IE SO AN AT BRI e JLAE T AR 128 Scheme HIZRHIAHY  iX 28
it S ARERRC.

FrA AR A e LA [ 44 FTP M endor.harvard.edu F#K,fE pub/onlisp HtH. [Al@UA1FEE AT LA
KE| onlisp@das.harvard.edu.

it

5 LA, FER A G Robert Morris HIFF B o FREH L AT R, B ST Ekm . AR
LRI AR B Ath, 6155 85 TUERY— for A, 132 TT_ERY aand JUAS, 165 TTHY match, 211 JTAYS
JEALSE true-choose, LAMES 24.2 T Prolog fiftfedr. SH30 b BERFEAR M (AR EAR YD) Tkt
SRR Robert Z [AIX)id o (AR, rtm! )

A2 17) David Moon ZLARE A RS, A7 20 #5152 1 A8 F-fe g B.45 hir 2 Ak A IS .
912 ERLRMAAEIGER2ES 7,80 TR T2 Al AR FIA A L AR fhH) .

FARFIZ M A David Touretzky 1 Skoma Brittain PIALEE ARG N o A LEZ gl & AE M ATHY ST
BB RS 1. 5 277 D2a M7 — D ARFE MEIEBERF 3 B David Toureztky 19— 1.

IR — 28 A JIRARIRIBEE T 550 84 5 - Fe , Al 152 Tom Cheatham , Richard Draves (£ 1985 4F- .45 Bl
H'5 | alambda fHl propmacro),John Foderaro, David Hendler,George Luger , Robert Muller , Mark Nitzberg,
LA Guy Steeleo

FIEI Cheatham #UHZ LAREE UG M AT AL TS UL HAT4 0. LB Aiken SEIG Z R 4R
% 53, £ Tony Hartman , Janusz Juda, Harry Bochner, PA X Joanne Klys.

Prentice Hall ] TAE AN A F1FER H . N5 Alan Apt IXALAET5 1 gm B I A — e dh a0 kg 52
o [AR 3 Mona Pompili, Shirley Michaels, LA} Shirley McGuire FJZHZE TAERIMBATTH HABK -
§1#F Bow and Arrow Hi AL TC S8 LY Gino Lee filfE T E 1. £ _L A ABKEAT G 7~ 748 18 TL_E Y

(®

LA
A BTRX HERR, iX /2 —F i1 Leslie Lamport 7E Donald Knuth [ TgX JEAl L it #iE S, 7 /MEH
T2k H L. A. Carr, Van Jacobson 1 Guy Steele [ 7% . i[¥lH1 John Vlissides 1 Scott Stanton %11 [ idraw 5¢



iv

o BEARFH L. Peter Deutsch HY Ghostscript 4= i< J& , 7E Tim Theisen HJ Ghostview H.1ii%. Chiron Inc.
2> F]H Gary Bisbee il 7 REFHAZEAT HEAH IR #% DL

LB HA i 22 N\, £135 Paul Becker, Phil Chapnick, Alice Hartley, Glenn Holloway, Meichun Hsu,
Krzysztof Lenk ,Arman Maghbouleh ,Howard Mullings ,Nancy Parmet ,Robert Penny,Gary Sabot ,Patrick Slaney,
Steve Strassman , Dave Watkins, Weickers —%¢ , i5F Bill Woodso

B JE TR R A AR AT TN B N7 B RS RER A X FR A S I8 Jackie , @& TRV HE M Y
%, BT RSB AU 4.

B BRI A2 RS FEFrAIRHIERIES o, Lisp £2HARE , I ERRMEN. AHER
T Lisp fLHY Lispo SYEIX A RYIIRRFEM 1288 | FEVRLE B 32t T30 RERKIR] B 52

Paul Graham



F1E
1.1
1.2
1.3
1.4
1.5

HE2E
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10

¥3E
3.1
3.2
3.3
3.4

FaE
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

HEHE
5.1
5.2
5.3
54
5.5
5.6
5.7

X

Lo 23— 1
T T 1
et i ot 3 5.2 2" 2 P 2
L 3
T LS oo 4
AT (EETATTHF) FH LIS .« o oo et 5
R . et e e eieeeaaaaaas 7
R . o 7
T R L 7
B B 9
B . 10
I L 11
2 12
R R 14
B T 15
I © o e e e e 16
R T R . . 18
5 N P 19
PR T 19
N T A o 22
23 G 721 I AP 23
A R e 24
S 27
L L . 27
A G 28
T R 29
B R 32
3 S 34
170 37
B B e e 38
B 39
R =B B 1 = 41
Common Lisp T . .t 41
A 42
BT 55 0 A 43
R . 44
TE cdr B . 45
= I 47
e e TR R . e 50



vi A X%

B 6E R EATRIE T o e 51
6.1 I 51
6.2 AR TR 53
6.3 B 54

TS~ 55
28 B~ 1 < 55
7.2 JZFIH (DackqQUOte) © . v vv e 56
7.3 B o 59
74 D T 60
75 B R . 62
7.6 I R 63
7.7 VBRI o 64
78 U 66
7.9 R R 67
700 R E R o 68
701 FF7572 (SYMDOL-INACIO) « v vttt et ettt e e et e e e e e e et e e e e 69

I 1 L == B~ AP 71
8.1 T 71
82 L ERREY 72
8.3 I G o 74

I 79
9.1 BRI 79
9.2 BHI S o 80
9.3 I I L. 80
9.4 U A T I 83
9.5 I I R I . oo 83
9.6 I gensym BEAT L. ... 85
9.7 I . 86
9.8  HA A S I A . 87
9.9 I N B . 88

10 AT R B e ettt e e e e e e 89
101 SRAE IR o 89
10,2 RAEI T 90
103 B T . o 90
104 B 92

I I 97
15 I S 1 2 O N P 97
L12  WAER= o ettt e e 99
113 BRI o 101
L1 104
11,5 A 106
116 B R L 108

BB 12 T 0 E ittt e e e, 113
120 113
122 R B D L 114



B X vii

12.3
12.4
12.5

#13E
13.1
13.2
13.3

%148
14.1
14.2
14.3

#1155
15.1
15.2
15.3
15.4

#16E
16.1
16.2
16.3

%178
17.1
17.2
17.3
17.4

#18E
18.1
18.2
18.3
18.4

#1195
19.1
19.2
19.3
19.4
19.5

%20 E
20.1
20.2
203

T L 115
B R S . 117
i UL P 121

2 g = 125
T T 125
B D T R . 128
B R e e 128

1=~ 131
B AW L e e 72 131
o 134
SIHIZEY] (Referential TranSPAreNCY) . . v v v v v ottt ettt ettt eeeeeeeeeeeean, 137

1 0 3~ 139
2 Q3 3 v 139
TE cdr T T . 141
e v 1 144
TR 144

i 13~ 147
B T o e 147
B 148
1= v~ 150

B B € Y BB 1T Ver o) R 155
R e 155
AiSPatChing T . o o sttt 156
T e e 157
R A i e L L 158

2 159
T i 159
o 159
U e 163
DL ettt 164

i -0 =3~ 171
B 171
S W 7 PP 172
A . L 173
R TR L 175
A R . o 176

ZEJE (COMBNUATION) &\ttt ts e eteteteeesennaeeasseenseeansesnaseenseensseenssennns 179
Scheme ZEAE, . . . ottt 179
G S 184

Code-Walker Fl1 CPS CONVEISION . . . ottt ve ettt ettt e e e e e e e e e e e e e e e 188



viii I
B 2l B B L i e 191
2L R R 191
212 192
213 AT A I 196
T | ol 199
221 199
222 A 201
223 Scheme SLd . oo 203
224 Common Lisp Sl L. o 204
225 I 207
22,6  FETE I E . 209
a2 N N =1 e 213
23 I L 213
23,2 T 213
23,3 AT e 215
23.4 A AN . o 215
23.5 A AN B 219
= B ) 1P 225
24,0 R 225
24 R 226
24,3 L 230
244 AT AR T R . 232
24,5 T LI 233
24,6 BEU Prolog it Lo 235
247 T 240
24.8 AR 242
-3 LB 1) B G - 3 2 243
25,0 T N B 243
252 BHER I Lisp R R ottt e e e 244
25,3 B 254
254 256
25,5 T A 260
25,6 CLOS A LaSD « o v vttt et e 262
25,7 B G 263
N (T V) 1 265
] 269



G
ot

A RIES

AAHT, WERARIE] Lisp & R T4, IR 2 A4 FIE < N L& GE (artificial intelligence)”o =555 I,
Lisp A & GE [B] HYIE R JUR P S48 . Lisp B John McCarthy %A B, [F#E &M B R EE 1 AN TH
RE” IX— & io RIS i) 2 A FOR S5 Lisp 587, TR EMMHRIE—F ALTES . X DHHE 1980 4F
A AT R THIR I SR 2 B , BIIAE B A AL I T 215

SEIB R, “AT JFAE Lisp 943 MM S B AR AN NNTRT T e iR PR 2 AR B &
ik Lisp AEH TR 48 € Bl T GNU Emacs, Unix I & I (Y SCA S48 2% ; AutoCAD, LIV AR 1 Y 52
[fl CAD F2J7 ; 10 Interleaf, ST5EH Fidii AR AR G Lisp FEIXLERE T YW H B AT EE3A THEM XK R,

WR Lisp AR —F ALTES , IFE 2142 SHAREARLEAE & B A TR AW Lisp, IATA W EIEZE
BIHEARS A2 £&VRAT LA Lisp M2, 1= AE S Bk S RIWE 2 Lisp HY— 1 B HI0 SUR AT LA
X HG S ER e S HE ST HEECG . Lisp ASHE 1 Lisp #2/7, Lisp 727 1 LAFRIE 513, A8
/2 Lisp FIEHRL . B2 XD RG] H P ERRT LA Lisp SEMUHT IERAERF | TTIX L85 i 51 A1
HRLE N B BB R T XY

1.1 ErEEEIRT

HITF Lisp WY 1R H E SGRIERFHY B iy, IR EARE O BT iR & 2 R T s 2L TE = o ok
VRAES — DSOS R & , A8 4] LAE Lisp Fetfe il L IS SORSIRAR 1B - WIRIRTESR'S CAD R2)7, A
LA LS Lisp #HUKE HT5 CAD BFFIES o JFHURIRIEANKIFRE VRS WA FE 7, IB2 H Lisp K
Fatbhed . BUATCIRIRE S IR /LR S (I, Lisp #BFT LA O T 5 AR MR 15 S .

PRIEBANIF B WERREF 2 —FEAT Lho XA LE R, XM UIEA AR o XAIBERT 407 :URA
R, X RO ECA W (1) P AT RIGRIT R S BT R (2) BT E . LK NZEE, WR Lisp S0
PRAERGERR PP R a0 TAEZ ATOT I SR, & HUR IR A BRI £ 5 R IUET E .

FHIFARAALL . Sott 3 PSSR Y 5 ¥ T RE AR K s A ke AR A T 2 (R B0 AR R I R T 15
WIEATERT. Fftar WyRRFOITT AN ESRARTZ] 1o iR RO R A B AR AL R It A
B L o BV TG AT ZRA R, 2 RO R A TT AR AT T A A2k — BRI E 6% 1A
SN 30% YR EE T, AR LAJS HUBERAE BN Bs i AHAR—ME R 280 T #Ah 30% Y TAE, Akt 2 —
R

TRMEVLIE R O INE I A2 KRB0 ABFTA NERDRITE B E IMEA T T 2 AR 585 JLIRER 14y
A AR IR RANETCIRIRZ VDT — MR, S RE T 5 BRI, Z 3 fE A TSR
LT 2B ETR ARTT IR BRI 2. ARG SefI i Se” X — ki sz 5
R S B R AR . S, AR T A i 2 LB S M S 3, iy R T gt s v LA
G0 WU AN YRR 53, FEBEA T AR SE I Y Bt R G s A BRI, TR L BE AT T A0 2L 8 AR A R B2 1)
WEPERTREL TR 1o VPRI SRR PSR Y 325 T LA 55 b & & B AT B BRA A 5 E5 BT
Zo

WRAEEN TR, BTA5ean DAL E MR T ARNTZAAERA LI 5 it &ty —D)
Wg? B HEB—MIH S RSE R R AT REA /D ALE E SR AR R R AR A T s N R 1% 11
T AR REATRATAENE 2 FRATHT LT ELAfSE At . Lisp B RGN T 2899 FE 7o 7E Lisp 17, 1)
LUh SR Fr il it



2 F1% T¥RES

It 2 BEFE R EE 5 ? IR Montaigne' FT /& BURIAREE , A R EHEE H C A B IXERET TR
SRBRIFRINE. — HARREIE B TR IRSE A SE RS A ok AR VR T LASE e 25 SOX Rl gEME . 1035
TR TAT R JE 2R Ry v e DRI TR R 5 TR RIS T R FI SEBR 3 5 e — & AR,
PRETT LIRS A — SRR P L SR E 1 E 1 B 4 -8 OY s &R 2 L I R -
REAEACHRVRAE PP B fms i e — A 0 — BEUEA SRR AT s RV S 8 A A A B = i 2t
SEARAE LA IR I TRDRS O3 B 25 R S A ICHE

Lisp Y38 M AE /1 X i BAL MO T BE . WH5E, Lisp AU ASGRR 2 BRI BER IR EIR T (1 Lisp
— BRSPS P8 = A R P 2 R A 45 & A BURK, S RIS L R R — B F I, B
FERRE : EICIE SR BRI 220 Rk

1.2 BEREEBFEIT

AR BR EA AN RE RS REE FRITAR B T . A0 R Py B R4 R A RS G
W T E R BERYRRE Bl a O HIEURR , 8 B E P B BB R AR Bk T B AR AR AR R LA B X
HAOBR PR REE AR 352 e LA, I s A v AN

e B A S R ARURR Frn AR 73l MBS ELRE P B AR A I B 3% 7 Al Al (BURIERERI 70—
REfyle? SRR BRoN B TR é T 89380t AR X R R B ARS8 X - AR AT e 0 ik
ENEEN TR BT PR E X AR, Br Ve B A e A 2R A7 R, X
feo X I RRFF SRR R AN 3 B S IE AR —— B ER AR L 5 AT LA SRS BR A Bt 2
i /NBIRT AR DR — A BEAS BT R B

AR Lisp F2Fp ST 73— MO R 7 AR AT R RE e o A TOUR) T A 380 U7 #3600, A1 17
{8 gk ey B a9 3ot TN —— R MO E 5 ORIE AR P A Lisp W, RN PURMRIETE 5 170 T 2
GREF Rl DRI 0] EMIETE S o EgRE ARV RES A “Lisp BLRATIXFEEE AR Y BT mt
U7 AR LB RS E . 2 IR ROR B T R BT i) AR P b o3 — B BT,
WNERPRR . TEEAIRR R — AR AR SN E AT S 1 S AR 7 RO S BRI 082 3, BRI 43
5 LLPRRISAT LA A8 T SR, 32Xt At AR A O A R RBLAS B ) B ARID 5 o SR IR IR P A R U A5 5
FEARRRE T Ao HF H 4T85 FIRE P I ARBC & 151 0 5 S, URATEI A2 T  fa A8 A = i AR
4.

it SR B, HRIA_ BRSO ARG PRI Ry G5REfy . 4 LA IR LA UTAERT, R
WEHORRE P SRS VRS2 — A E 2 IR R R A RRES , MBS Y EAS 2R
REFF , AR B AR Ry o URAF R R AR R .

PRSI I REFF A, — BAEARES L CUR MARZ AR TAR AR R 5, 31 T B N2 1 IR BTG
FHGE T, B ERZEE T RE S MR, XA LA

1. GBI 2 B AR, BRSO AR R 2 A MR bR — A B/ NERE A 44
9 A 2 2 WAL T 9 B DR A BN E R 2 5 TR g . AR At fiREd
P2 R IE e B/ NI A R A A I S R D e — DU A SS L i D HLds £
BB EECE, F AT A5 Y Lisp B2 17 S I L RSB 7 Al M AT TR e RO RN A 2
o

2. AR ER Bt PR EM . MRS WA EEE S RTINS MREFPE I TRMRXT
ZJa MR R AR B —BMRRT THEIRN THEER, 5 — 5 FrRe 2t RS IR AR (raw)
Lisp PMEH FREZMLL, & REAZ /AL —.

11T : Montaigne, Hl Michel Ryquem de Montaigne. [ N —fIFEAE “G2H”. ek B S22 245 BRI A S U b
BT AN TN A



1.4 TR 3

3. AR LR R TR RIS — DX PSR B il R R e B — D R EAT
HARH) R R BoR s KRR U2 — > B TRz, 2

4. T BRI _E AR R R Z O TEARD Hh AR X Rk Ay 3 U B T B SR P I A SRS
AR RE P A R RO AR AETE A _EARAR L, PR R PR M A, SR e P& LA
BT Y T AT O R

X HARAR Lisp BYTE 5 RUE, AR L BB AR RE B B2 il REAT. R SCAZERRY B R RO 2 H TR
AR — R RBL . SRTAEIX J5 T8, Lisp 38 RESR it HU H M 35 = 3 3R W g, T HAE LA Lisp KU SRR
PR 1R S R EEE AR = 1, B A Lisp AU — T IR B EEE S 2 —Fhog 2 —FER %

RS SR A XS B B AR R LN R AR o NI, HILRIRS , B2k — /N Bt 2
HIAG o AE <A H PIE» — 45, Prederick Brooks fig t “—41H2 Fr DAY 4 7 Ty HABE A 03 B S 4 R
7o BEELL N AELHTSE N, MR 5L A= TR AT i T R o Lisp Zafe£2 i LA— R A4 AdRAT A9 72
H XA ER: FEEHN AL MR R4 e m . — D/ NABUS Y R AU A
NERIMEARSE N IR A/ INHRERIH] Lisp R BIBIARMS, , B E L E M-

1.3 ARG

WA B A B R HE 5, AR Y Lisp MURSH L ARFR e 2o Loll ) P BUAERT AR Y 2R b 2 22 LA
HFHADCPFIEEBULR AT AR s B SR g e A1 A 87K HaR A
AR AT BUBC AR L E RESE BUH AR EE A B S RE, I A BAT T T LASS 5 — A R R B A A
FAHE A SRV B — DR P AR R T — IS ERTE T, 285 R S - it T DA I LAt B R 15 2271
WNERE o

H R _ERBHR B2 A4 7RI AR . SRR HR A BB EAE R GRS R 2R
MR Rl DA 5 il 2R, B ZVEA R BRI RWRIES . MR 32— Ein A2 R LRI,
AR L TH X — E X T PR U AR B T — TIRARIE S« X DAY RIERIE S — By, 5
ARLESEA% IR G AR B RS i, e A BRI R U AREE RGEAR L, S T RERCON — 1 15 2 Y S R

X-Window A1 TEX 8L A2 18I X — B3 U 4 5 11 o Y - BT . AE 1980 4F AR, B 55 K A RE A (645
Fr— AR REFFREME ] Lisp ME A BATHIY RIE S . B Y5/& GNU Emacs, /7 HJ Unix ARGy SIEE
+& AutoCAD ,%*/I\TE Lisp VENT BIE S W RTI DA AE . 1991 4F Interleaf & AT T Al T84 B#T A y B
AR Lisp /F 09 G =, S 2128 KB 502 M Lisp SLHY -

Lisp X 1HHE S FE G W E T BER, EZEIERERNEAR G S — DAy R F. AUERK
M Lisp BARAIREFE MR X Rl 47 e pE S 76 2 H IR UReFSE OB AR IS E) 7 — A rly feih
o JFHEJH Lisp 97 Lisp #2177 , FIH— MEGIE F MR R AT - AL , S ATH BRI B T T 28 gern
MBEBRDR. R — MR FR ) Bt 7 — et MR o (R 19 5 =0, ARSI ek, AR 4,
FATIR ARG Tt TC R A2 P BB 2 (ARG 8 3 U5 S R SR IE HE T8 o £E Lisp ., X289 R A
R BT M BN REFE o XA RUARIEZ T 1 AREE A 45— 23 O3 (AR —— U AR
IAEA ot g B MREE AT X FE R AR o

AR A A S AR LS S R A 7T RS T B . ARTEAE, R AR AR
DN A/ = 1 o W i e/ [ Y 1 B €2 191 N R = = | = 50 NS | S U R =N B3
B B R LRV E 1% 8 470 IR FUATE P2 H Lisp T 09 R T LASE H U 4R & - AR
AT LI A8 AR ZE 1 5 R FT LA 2 B eR R AR B P RE 25 8 el ARG o X R R B LR BE R
ODHBEMEREF — A5 ML R, B2 BE M. —Rm S, s BT LAk gt 4%
T B EXN Y RE KA H -

2R BN BB MR IO RE T, BRI T AT A TS e SEANE ) A+ 20X TR — iR R iE 2555 4.8 T




4 F1% T¥RES

I R AYRR P2 — WO )8 (HR R A5 R U] MBS P B O T) 8. FI R YRR P A i
HKIEAERAT , T BN FIRGREHL

1.4 ¥R Lisp

AR FT LA Lisp $§ 08T I ERVERF  BRECRIZZ . (E Lisp B, K8 S BRACRIARLE P & R AL A 1
[F AL ARARAE 2 — BT A B mapear, ARVREE AT A B O 8 L, A E 6T mapcar ARFEE(E
HEo BN, i RA — A s B AR 1 3 10 Z (R F BrA BAU B2, SRR HE R B AR [ E 2 A Y
FUZRE T VKA LG — B8NS L B4 45 mapcar:
(mapcar fn
(do* ((x 1 (1+ x))

(result (list x) (push x result)))
((= x 10) (nreverse result))))

{HIXAEMIEASSUSLBRR > RIS, VRt ] LUE LT BB SR 5 map1-n (L 36 1), Z8)E 48 T IHI
AR -
(mapl-n fn 10)

RE SCRR BRI 5 FERCE R T o T 2K 8 SUBTERAEARY | SRSl ] (BN KA 2y B . R R ARG R
FPHIRRT o X AIE IR IRAMIR GO U E 2 A B EEEH 2 —

TRIE B E L FH 72, v DAL AR P i N BT I (8T o xS dp b s R T ml 15 . U BIG , 20 il
T _F i HAAR AR TY (BRI AR MR EI S 2 B4R o 5850 R R R 22 L R BICHE in— et , Fr AR 5
A% R SE B 2o (HZOMET R, e EER B2 B XA £ T WAHIEM— 1185 A% Lisp 7
SRR ARV o T LA 2 2% AT RE S B M SK AN I B A At 35 5 0K B VA% BRA 2 O S A E R o JX 4
M B Y Hpfo & AR e R R R P R ARy o AT ABERES R LIAR AL I H A i s v LML,
MAEFFEIANEENE ? £ Lisp B, F2 7 sk R AR , (HH PR R AR AR H A BEIAR & 2]

WERVRAT EEAE LT [RIARE ST 15 7 , IR A X eI [R] 40 R AE AR Y o RIS BOEARE PR TE B O A
T AT DR P W AR5 S A MR . O — MR fR SRR B a 31 b SRk xo Lisp NE
7 do FTLAHI TEE AN — M & o TR TR SRAIE AR, FH B IFANRES H AT e SR A AR -

(do ((x a (+1x)))

(> x b))
(print x))

75— 7L BN BATT AT LU O H

(for (x a b)
(print x))

FAFIX LA AT RE. HZASFTAAS (WS 104 D), FRATHLREHE for MAZIIES 1, G R E 0 — . IFHIE
WS ET T RRE), 5 for X ZZHIT R R, AN it/ M4 TT .

WA NRHRIE MRS, ARk HBEN Lisp ¥R — 1 eREE & 27 . R T /R LATE Lisp 2 bAgig—
MEBAES  REHERME R Lisp M T 5 dmikas RS R LN 1S B8 E Uik
F T A AR 5E AR ] Xy =G s S 1 5 E SR WA ) BRI HY Lisp £t EhnEMERL,
BN — T DRI S o XK, Lisp HARFEAZR I 7] LIMERTE 5 B (FInEes 5 e 10 #H44F) 15 LAgkst
W R AT B I A AR AARER 43 (B S Z548) . LOX R IT LI AE S RN A KBS .

IRARIE S 2 B R BB B8 Y. Common Lisp ELA T IF LM HEMIES . Hf&
FH4W cros Wi E —FEE L. ERWATLUE L H CHIRARTES . AEHMAESERE— 1w NIk
Fr S ERIPES , 215G A EKR Lisp CEEIAMNIA .

At AT LA Common Lisp #Y series ZZH G5 15 B {7 ¥ | (HARt HRETE B [ RE RO, ROAIX LR 2200 2 Lisp ARSI .




1.5 A4 (RAATE) A Lisp 5

1.5 At @R A Lisp

X EEHT A AT REMEIF AR R B A AR Sk e X AEULIE, Lisp LR — I HETH o W — B A
Sk G FERE TR 2 XA R B AR B P . I —FE Lisp &M E G 1R
PERIREG o FRATHT LAFI X SO h Y — 850 ShASAF A 0 BOMI BIIR B I AT I 2B R4 BRI R 2R
JRBVER RN BT &5 — R S FRIE R RE P B i s BB SF {5 Lisp BRI /A RE S 2
TENF AT S EdX LR —[FiE L T Lisp ZnfE TUAEAIASE

FEE R AR, AT AR T Uk T 2. i F 28— s BRI sl A4, HE AT 1A
X RREFFR T —— 32— OIS, B AT Lisp B9 — L8 RIGMEF S H B RMIETE S . K THIY
AR FEr i B 1 X 2255 (AR T

AR FEAN, Lisp A Fortran /& H BRI Tt 2 MR TGS o A RESEAT SRR BN ETE
T 2 BT B R TR o Fortran # 4 B H SR AR ARG T o Lisp #4&  H kIR
F¥ o WS R B A TS W T 11E T |, Fortran (4R 388 E38 10 AL 06 S48 5 1T Lisp WILEFE/F
ST AT IR H MBI , K 2 B i 5 #vE (£ T M [8]o Fortran F Lisp ‘EA1TH C B WL
HRI T SE4R . Fortran BI{ER KR Algol 1,1 Lisp thillthsl T & 4FZh N — LRI A5 = I M.

AW Fortran Ml Lisp AEREFREEE FE LT — 3 o MIH—li 052 <ok OFE, EFJLF
AFRESLEL. ) fEH I 73—, 05 R OFHAEE AW, IR MBI ) MG
B 2 PP A I I OB A A S X i RO S5 R BOR TREAE o f— SR #AEAE Lisp A F
77 I A& . BRAERT Lisp B9+ EER 24 £ 1970 FAFINERIE 517 5od T mguE = it
Ao [RJBURTE R A AL R Lisp 2, 24T 8 A Lisp ?
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G
ot

BRI Lisp 27 AURREE  E R 2 Lisp 1H & A EZEUEF H, + (k) A HAA P
HE LR R 2 DA B Ao (H Lisp SR T BREON FIVE N LG — M SRaifiid e Fy g Se i pir A i
£ Lisp B, + MR H CE LAY BRECHF, 4~ AL

LB T OHFRN AR X (special form) FIERVERFZ AN, Lisp B DAE — T REIV SRS f1T
AR LA ARES XA R G VRIE AN ELYE » &5 FRBOA ARAR TN SR Lisp M IZ REM, AR SE T LIEE
5K, SRIE R BT BR AT LASEAT A0 P R R S5 O A58

RO RE P 142 T TR R M. BRI, B0] SR — A Frin A B9 R R VE2 0 Lisp 5 1Y
I3, Wl LABE Y e E W Y — 00 SRS IUR A 250 1Y Lisp FE/F 5 MIAHRE — L& FEAN I
T AN Z A AR, BRI E NI e ML S AR o AT EI R A IR WA A2 T 5 R 2 [a] A 2
REEMZG R BT AT — R HARIZE R R — AR T R, B LB SR ROZ e AR BT -

21 {EABIERERH

AW siik Lisp MEUS AR .. — &R EH, Lisp ASBRREES . XERERMNTLED
25 Lisp AN HHRIERT o 55— KT R BB, 22 1M R A2 Lisp FIXTR

Lisp #2416 7 H A IE 5 A 1R 2 BBR R BATH BEI T S8 747 B 2304 45 iR 55 55
{H Lisp I8 34— M/ER 2 FiE NFH AR AL 8. JL-F BT A gnfe il = # R AR 2 Y o8 2l
Fo ABA 1 “Lisp HEBRE N — R R R L ok SURMT 4B ? X EIREAE Lisp HIATHT LUR
XHAE H A AR B R ST AR 15 e 5, I BB BTN - AR AT I G — B R B, T8 R A PR A AE AL HE AT
SERGUR BT SR EAE N SRR HA R A AR A SR AL R B {E

BRI T I B AR 5] R AL RE il A o XM s AT RE IR B LE N DFSERE , b A 28
A LAMERL AT SN BAaAT AT LUE 2 A B ALEE SR P —HE. (BXST Lisp R, £E1217 1 €13 e 4%
EF @ NENEIREE ST

22 TEMXERH
ZENB2ET S “H defun QUEEERED FFiG. NHMFIARE LT — MM double I EREL, Hik FME
AL NSEIHIRS
> (defun double (x) (* x 2))
DOUBLE
ISR B e SGEN Lisp, Bl Tak v AFE HAt sk ZC I H double, 8E M TIZ (toplevel) 1 H :
> (double 1)
2
Lisp FOEACHD S8 5 32 22 DX RE 1Y) BRESE SR, iX A JLA3 2400 C B Pascal iX 2618 5 L E
o AT RIEAA—FET o XLE defun HAFUEISFEE L, BATE&Z Lisp WH. EFRANTT#E T defun
e HIBENLEG X R X A SR .



8 F2F R

I, AR L RN G o defun SLERATBAY IR IE XA G R FHREREES — 1284 T .
IR FATTRE AT LA AT double , ] LAFFA XA~ 44 7S W B BREINT 52 o BRI RS G, 18 Bt 2 1 1)
#) (JH5 A5 [5) BVERF . X MRIERFRVE R AT DABRAR AL : & BB 44 WGt 2 SBR Y BB 5o BT
#| double [HI T :

> #’double
#<Interpreted-Function C66ACE>

FATRA 7 L TR LR A S R B R H I AEA TN Lisp SEELH 2 ASHIA {2 Common
Lisp M REE S —2 (first-class) A4, B BRI 45 B X L6 B PR 10 G A se 2 R AR o Bir LA,
FATTRE BT A A B BVE A S8 | ] A B AE R PHEIR ] BB E AR SISt B 545

> (eq #’double (car (list #’double)))
T

HERF LA defun KE L REL. FIRZEL Lisp M5 —FF, T 1 v] LU i HSC R IA 1R =0k 5]
HE. B L RATFER]— DU, LB XN ECE ARG IR RS AF HR i S E M XG5 2
(B A — R A AR EERIR Y& — DR &L, FATAT LA —FP R A A& & X (lambda-expression) B 7R
Pio M\-FKixX B—AH =N 513 : 1lambda 55 28053 DA S FA DL EFRIEA R 4K,
TFHNE S A\-FRIBA A Y T double A HYRKEL:

(lambda (x) (* x 2))

EHR T — R R 280 2, HIR M 220

N-FIE R Wl LEVE R MBI 44 7. R4 double &N IE MY 4% 5, b4 <K IF B B~ 9K
2 (lambda (x) (* x 2)) SUHY T EARAHEIA, Holn «5e sl vt i K Had =5 B ) 7o it — I
5 B HE \-Fk 2 BRI, FRA TR B TN R AL

> #’ (lambda (x) (* x 2))
#<Interpreted-Function C674CE>

XA BRELAT double HYZEELMM  (HENTZE A F AT G o
FERRBSOR o, eR R R IRAERTIAD, 356 P ORES AL

> (double 3)
6

FIT A=k (At 2 pR A 44 77 PR T e ] LA H B e 5008 A i T

> ((lambda (x) (* x 2)) 3)
6

£ Common Lisp #, FATAT AR 45 414 double FpRELFNAS Ko

> (setq double 2)
2
> (double double)
4

U FHIMAERECH A E AL, BCE T E 0 BRI HMgE N ey it 4.

Rl F AT Common Lisp #4747 B R AR AR 1% 5 = 18] (name-space)o FATTAT LAIRII A —4~1Y foo
B AR LA — Y foo HYBREL, T HEMTALME . XFEE AT RES1E A, I AT sBfE— 2% L
W ARG Y AT 52 | {HIX /2 Common Lisp £ /3 53 A2 1A Y [R] i,

Common Lisp A H#& 4L 17 P > 08 B0H] 144 755 5 il 5 2102 BT A 36 19 R B A8 ) DA AN 2 75
symbol-value PRELLA— RS20 IR [ 0] 7 A% H AR :

VREETE A 4T RO AR RN R AR 2 S (IR Lisp XM Lisp-2, 7E53 — 28 Lisp-1 1, A WA R EUE LAEF — & =S 0 &A1)

IXFh Lisp J7 5 /& Schemeo KT Lisp-1 vs. Lisp-2 TEM_FATRZ I, — MW SIACH Lisp-1 X T-4iifas ke i AL L
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2.3

> (symbol-value ’double)
2

ﬁﬁsymbol—functionDwfﬁﬂéﬁiiufé4\é§ﬁ%fgﬁlﬁ@E@%ﬁ:

> (symbol-function ’double)
#<Interpreted-Function C66ACE>

TERE], i T R AR R A X G, B DAAE Bt m] LASE s BB B A

> (setq x #’append)
#<Compiled-Function 46B4BE>
> (eq (symbol-value ’x) (symbol-function ’append))
T
®’A /\ﬁfﬁﬁtﬁ defun Lfr FEEES P2 symbol- function WE M | B HRMHH4IEH]
PR TN IR RIA S A D REFEAAH A «

(defun double (x) (*x x 2))

(setf (symbol-function ’double)
#’ (lambda (x) (* x 2)))

Jir LA, defun MIHEEE B RE CHIRCRAHA B SE 4
A Ho FATATLAAH] defun KEEHREL, A A —E BARAFAERANFF SR E R . FYETHE S BE X
ARAYTTHE—HE, defun BY PN ERSEHLA At 2 — P AOBLE - A — 4 s SRR R BRI A 2 5k
IPGEER I A0 SR S B A e M BRATTANTR 2R Lisp AT 8 s B A BB FIYERT , ] defun Sk
A R KO H A PR ) B 2 B0 S B SCRR B Y fRT R

23 EBEESH

PR F AR G2, i R T AT TP MG A G IR AR 25 A PR &L IXFPE JFON T Lisp
XA E A B C HEL

WER—T1HE SR MR R, IR A B R i a2 M L FRATRE T EA11. 1E Lisp B, 1X
N EREUZE apply. —&IMF , RATHW N ZSECRM A apply : MEFIESEIFR. FHIHAFIELH
R
+12)

(apply #°+ °(1 2))
(apply (symbol-function ’+) (1 2))

(apply #’ (lambda (x y) (+ x y)) ’(1 2))

{t Common Lisp !, apply A LML EEE I 280 Forb | 5l a0 25 Hi 1Y sRZCK i B T 21— 5113 i)
KHHRZE cons BlEJ5—MSE0 4 EJENSE R N3 AR

(apply #°+ 1 ’(2))

FIRGE Y FE A Mo ARA T E LR AIE LIRS AL, 7T LM funcall , B apply ME—HY X
WAET M. FRIAA

(funcall #°+ 1 2)

T A AR LSk ABORAA A o

RZ M E N Common Lisp BRACHS AT LME AN S AL X LS B R BT, i ] B e 2R Y R 5L
Bltn mapcar WA A LSE — —DREN_E— LA ERIFIEE (B DPIRE IR 250 85
E R LR SRR A R B A E R R PR B TR
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10

> (mapcar #’(lambda (x) (+ x 10))
(1 2 3))

(11 12 13)

> (mapcar #’+
’(1 2 3)
>(10 100 1000))

(11 102 1003)

Lisp P27 £ Fq BN 51 38 v B B — TER A — L0884 | SR 5 PR R AR LIS R B IR 2R 0l BTG SE — 4>
-7 2B 2 R SE GRS TAR B s A — MR ir s DO RE A R &L, 28 )5 FH mapcar 22 it
SrE55% Eo

BAEE TR, MR BCLEEER R MR FRE IS dnetii R TR ER]. fEiFLET B, RIESR
fITAT MG mapcar ARFEHE KA E NS EUL B IS IRt H RE R S SBAE RS T e SUIFRY R & IR A —/N
BRI EAEA R i A AR IR b 10, FRATEAFAE SL— D BREL, WA plus_ten SCE LAY & T, TMIX
MEREAUHEIX BAIE F . AT A\-RIEK AT T LERRIE R T -

Common Lisp F1'& LARTJT 5 Z [A]— e K B DX A3 2 B A& A K (i pR AR 280 N B R R,
H BR T BEALTT UL mapcar , A P i Y BRAUH /2 sort Tl remove-ifo Hi A& 8 FH I HET bR 4.
B —DFIERM— 15T, 85 XA 15, SR P B TTER PR T LR A, R [l BT S HEY J5 9 )
o

> (sort (1 42567 3) #<)
(123456T7)

ARNINERT LS BICAZ sort BRECTART =0 WEARIRH < HEFP— A A TTR RS A2 1548 <
MEIZERIH RIS, B 2R H .

{E{ff Common Lisp " 5H remove-if BRIALNIH AL W IZ IR E D T H, Bz — i
FIFIEE , FF HaR 13X A 5102 i A PR AR~ B E0R el Y TR -

> (remove-if #’evenp (1 2 3 4 5 6 7))
(1357

VEHE R BN ZHR R EBURP] IX B4 H 1 remove-if HYSZFRUA :

(defun our-remove-if (fn 1st)
(if (null 1st)
nil
(if (funcall fn (car 1st))
(our-remove-if fn (cdr 1st))
(cons (car 1st) (our-remove-if fn (cdr 1st))))))

TEREEXE SCE 0 FFBROARTS # o RO R AR G2, At a] LR — A~ s VBN B B IERLE
R SHE IR LK. #2 (RS AARLELARES iy 24 Y s AL —— 8 7 /2 ] defun 22J57E LYo

NS 4 B BRN YRR, 40 5 AR Rl B2 32 B E N S B B TR B T I ER 73t i E R
F7. Common Lisp B T RIEH TR, ML IMBENTTRECAA 7. B EMHANEN TR,
W sort, IR GIRAI S TR BRI A 5 HABhRE S A0, Al st 25— P RS20

24 {EARMHERIEE

FREVEDN Lisp X RIX— S L& 140, LEIATRENS 4 5 H AR AT LABERS 3™ e AT A2 307 SR A
Fro (BRI ES — A LIS SR NS HOT B NAT R R AERZHGE S, 2 case 1H
ANEEIEXASH B9, Lisp B m] DU RIRERY I -

2 TE A (apply #°< (1 23456 7)) = T




2.5 B 3%, 11

(defun behave (animal)
(case animal
(dog (wag-tail)
(bark))
(rat (scurry)
(squeak))
(cat (rub-legs)
(scratch-carpet))))
IR EEEIN— TR S 6 29 WE 2 QRIS hEr B8 , IR 441 behave RE MM T FYFET T RE
DI,
(defun behave (animal)
(funcall (get animal ’behavior)))

[F IR AE R ARSI AT o0 LA ) eR BT U A, BN AP AE LA E A48 A A4 B SR IR 1) 3 B
(setf (get ’dog ’behavior)
#’ (lambda ()
(wag-tail)
(bark)))
FIE RN AL B A 3% , B — R s, B A VR S SR R E L TR . A E B ALAT R
LR TR R R ER B AR SfR B R, AR EEAROCERE AT LA A
FAGLEE R A T ELAR 31 P w0t ) R OO R Y R R (55 2.9 TR 1 /BRI i 2k ) i T
SERGURAN 3 PR AL, BT RO AR A2 R4 1T EL GG R AT LUK E £ A AR LE ] case HHATHISEEL.
XAFA BRSO S T T A R P o R A e SR, J7 W VA G B M ) — PR 48, ix
ERFRNTEAR . WRAELRS N GX ML AREAFE] T T X RN 2 LR 4 25 TR 15
PRSI — Ao
T A RIAR A — K5 2 B RELEAE P AT Jo 1X— sAE Lisp FHUEE i SN B/ MR 22 RN X B
A JRIE MR RV F AR BT 2 SR o AR IRATE R AT AR A AR 4k K , AR 4 40 Lisp AIRERLC &
JESBIAS T o

2.5 {ERE

Common Lisp /& —F1al:4f FH I (lexically scope) Y Lispo Scheme /& & 5 1A 3 A I T 5 5 4
CZ T, SIASEH I (dynamic scope) #HA Lisp (A FEMEZ —

TANEAE R ShZAAE R DXORIAE TIE 5 A0 B H AR e i 5 R o 24— D RFS R R B AR B,
PATRIX D FFFAERIE A PR H S0 2 49 (bound) , iX HLAYAZ 1 AT R 2L, AT LUK H & Let l do IXFF
AR IR ERRA AT o WERFF S A ZBIZR AN E 2 B W i. Ao 2R 15
(let ((y 7))

(defun scope-test (x)
(list x y)))

FEREERIAA R x LR, 1y & H HHY. B3 A TR B I ET XA R YA B E AR
LIS W — DR A TR E RS TR — 4 H scope-test Hﬁ,x:H@ﬁﬁ%t{%ﬁﬁfiégéﬁﬁgﬁ%@ZE@
(B By BERIZRAT 282 12X AR BARTT 5 RIE AR o

FESNASVE Y Lisp B, S AEH Y scope-test HUTHT H B8 it AR, AT [B1E 6 A R £
TGS YRy B ERS, XM E R BRI 7E scope-test Ho MIRBIA LI, AL y B4R
{Ho JXHFE, 7E I ShASHE R Lisp L, A2 F ARG y 227 A X FER A -
> (let ((y 5))

(scope-test 3))
(3 5)



12 2% SHHK

HSE BN SVERS, IBATEE X scope-test I, {1y 4P 2] 7 I AEME L T o H scope-test I,y
HA—ME, Hi2 5.

FEIA A PR Lisp B, JRATASFEAE M1 A A5 pR £ R 8%, 112 8 2R A 2 sSUX A eR 8L,
AbH) A B AN IR o AE— DI EAE I Lisp B FROTAIR I FFE R E L scope-test I, 24t y II4EE .
Fr AR LAFE Common Lisp HMERE) I AL :
> (let ((y 5))

(scope-test 3))
37

X HR y GE R 50 DXARMOGS BRAOR F IR MBS AT 52 o

SUEARAT SR AT LA 14245 0 75 B2 special A5 3 B4 E L, (2 1 24 4802 Common Lisp B
WT A SHIARULE, Lisp LW FE H BN S ERBUL P BT 28R RO E AR 2 S EUR w1 SOE L
PR buge TIEEAE FTIEAUALUE — il g R 1 TR £ T —=RNTSER], BRItk 7 —2L
FrHIIRAERIA o

26 HE

FT° Common Lisp A& 3R E I, AT AN SR E &G H AR SEY R AL, REE0 A E R EUE SR
FARLEAR B 0 o IX PR BRI — AR 40 E A AT A & FRATE I, PELAE S Fhis & 4R RE R . &
¥+

M]3 7E Common Lisp #2)/7 FAI ML TC T ATE, AR TR BEE & H T B EIER A M. B ¥ IREG 5
mapcar — MU H AR AIRTS #0 09 \-FRIA K I AR H AL Flan, IZIRATESE — %k, ©
B — M I HA AN EN EMHFE BT . X 1ist+ BREL
(defun list+ (1st n)

(mapcar #’(lambda (x) (+ x n))
1st))

R BT TR ZLA -

> (list+ (1 2 3) 10)
(11 12 13)

WRAFAIMEE 1ist+ HALLS mapcar AR eREL, S8 0] LA BLE S hn L&D M. I n & B B, I8
K B FEEINERE . FEIREE T, A — G R i sR B s S B— I e i A . 3

HE34E Abelson Fil Sussman 14 LM CFENR TS TR —BPiE T B InEZ N A,
AL A AR A B BRI PR A B T B B 7 22 a0 N A O -
(let ((counter 0))

(defun new-id () (incf counter))
(defun reset-id () (setq counter 0)))

XA BRI — B A . BT R AR ) —ME, A BT AR EE R 00 XFh T il G T
PR A AR 5 | RS RIRE R ShaE th n] U — 2 BT AR 2 i 58 il
ASRAR W] R LR A SRR A IR 2t SR A HE B o BIA1IX 1 make-adder PREL

(defun make-adder (n)
#’ (lambda (x) (+ x n)))

B M EUESH ARERE A, S a0, SRS AT OB 2 b JAT TR AR
i B AT RO A X P s -
TSNS, (BRI 80 WA BL T SRk st e —HE T0E, BRI

AW

HIHE/E: mapcar A — TS 4
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> (setq add2 (make-adder 2)
add10 (make-adder 10))

#<Interpreted-Function BF162E>

> (funcall add2 5)

7

> (funcall add10 3)

13

£ make-adder 1R [1] B RLE PG B DAY R DR S [ 5 Y, AELHL St m) LAAE IR RE LY 2R M B CRES

ik

(defun make-adderb (n)
#’ (lambda (x &optional change)
(if change
(setq n x)
(+ xn))))

XA MUK ) make-adder BRER Bl —FEL, iR W H BB A& AN—1280, A8 2 HAT HAIHRAE—
FERT o

> (setq addx (make-adderb 1))
#<Interpreted-Function BF1C66>
> (funcall addx 3)

4

& AARGX S FT AR R 5 A SRR SIS A E N ER 0 B9PE DO B — S A

> (funcall addx 100 t)
100

> (funcall addx 3)

103

EEA T RER A L F —H AR R — . 18] 2.0 IR B AR G R R . B —

ARG (db) , HARRZIR Bl 2 8 AE AT BRIX = A~ A B AT s 3112

(defun make-dbms (db)
(1list

#’ (lambda (key)
(cdr (assoc key db)))

#’ (lambda (key val)
(push (cons key val) db)
key)

#’ (lambda (key)
(setf db (delete key db :key #’car))
key)))

K 2.1: — IR BN =1 HH

£ 1 make-dbms #2015 Hr B9 K0 22— X Er A PRt 2 — AT R A BB A SRt

W EGFAE—5K KRB (assoc-list) HLTHT .

> (setq cities (make-dbms ’((boston . us) (paris .france))))
(#<Interpreted-Function 8022E7>
#<Interpreted-Function 802317>
#<Interpreted-Function 802347>)

Bt 12 LS B B SR BB AR SN TT LY FRATTEE AN HNE B 2 R IR —— (LR T LUEE K cities

AR LE R £ [R) 21
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> (funcall (car cities) ’boston)

Us

> (funcall (second cities) ’london ’england)
LONDON

> (funcall (car cities) ’london)

ENGLAND

THFIZRE car 2/ AR . SLhRR9RERE b, AT RO H AT BRSO 25 M IR B . Y 9Kt P LARER T
T3 06 FH A1) —— 5 P P A T S Ao ) e 5] 7 )

(defun lookup (key db)
(funcall (car db) key))

TCIE IR IX TP HEARA 2 R M 2 A AL B AL T

SEFRAR A Y PR A B b 25 A A 1 LE R AT TAE make-adder Fl make-dbms HLE 2 B B IS 1. X 5L
B FA LA e AT DU J R SO A e BRI R BN B R 454 .

AL Lisp AR Z SRR SESEAEAE IR Z — o AN N UL I3 IR AT BEHLA HY Lisp &7 1285k
REIRE S 9GS, (H R B0 AR EHIBLEAE T IRy st s B XM g/ Ra1a L 17 20
TR JREE B PR AR 24075, 55 5 RN T UM A IMES G RE AR 6 HH
USSR T B AT AL S BHR 5 14 o

2.7 RBERREL

TEH A-FIA 20 @ SR, FAT S X — N H defun I ATBA R < (8 A-F58 20 3 LR
ﬁﬁ?E&ﬁ%%&ﬁ%&ﬁﬁﬁﬁ%%%@aoﬁ%%%Echmumﬂgﬁﬁﬁlmwa%XﬁE
QSR FRATAEEL Y F L R BB — B R A oo R b AT DA S R Y Lisp 154]
> (mapcar #’(lambda (x) (+ 2 x))

(2 57 3))
(47 95)

BUE AR H R AU E NS — 1S 80% 25 mapcar WE? WERKEE S M defun & LT, FATHAT LA 44
a5 &

> (mapcar #’copy-tree ’((a b) (c d e)))
((A B) (CDE))

(EIAEBI X R AL AUE — 6L, © M mapear ITALAIERSESRIG 486 « EFRATHY List+ B 71,

(defun list+ (1st n)
(mapcar #’(lambda (x) (+ x n))
1st))

mapcar 55— 1Z%0E #° (lambda (x) (+ x n)), EWEAE 1ist+ B8 L, RS B TFHERAE n 1940
o B HATIEERIE—DIIER  EAN R 24 mapcar 1418 — 1 BREL, 1TX 1 SR AUE 75 2R 40 E 1Y) R Bt &
AR > FATASREMFH— e H A 75 i defun & LATRREL, RAX R REB IR 40 e . I HIRA
WAREE ] Lambda R IE SL— DA KA, ROAIX S G TC RS T T H B & o

Common Lisp $2fft | 1abels T B FRATEE HH X 4> WIXE Y IR 5o BR 1 A — 1> BT [0 BT O B b,
labels AT LUGIER 1et MR . 1abels FikzUH A —MEMIENAT G FIE R

((name) (parameters) . (body))

f£ labels FIAHNHE , (name) ¥R [H-H T HIFRIAX T HIREL

#’ (lambda (parameters) . (body))
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i,

> (labels ((inc (x) (1+ x)))
(inc 3))

> 4

JUEMIE, 7E 1et 5 labels Z [MA—PEZEM XA, 7F let FAH AR FEANREMKH TR —1 let
AR A — MR — 2T, RN REDL
(let ((x 10) (y x))

y)

SR IX A y RESCM IR 8T @ WIME. M, AE 1abels HLE SCAYRREL f (e UK Bt vl LAS | AR
B S AR B, GFE f ARSI S I pR AU AT RE
fHH 1abels, AT LAE H 2L 1ist+ IXFEREL T, (HX B mapcar 5 — DS E0EH H R4
(defun count-instances (obj lsts)
(labels ((instances-in (1lst)
(if (consp 1lst)
(+ (if (eq (car 1st) obj) 1 0)
(instances-in (cdr 1st)))

DD))

(mapcar #’instances-in 1lsts)))

REIR R DR EAN B IRE 0 BIGET I RAE TR BT ITR (FFRF1R) BT IREL, 1t
IXECRB 3 TR

> (count-instances ’a ((abc) (darpa) (dar) (aa)))

(1212)

28 REiEA

HIHREAEHCWHBA . WRRECHH B C 2 5 A MEAL TR, XF R RN Bi# A (tail-
recursive)o I IR ERIECAN A2 38 A 1Y)
(defun our-length (1lst)
(if (null 1st)

0
(1+ (out-length (cdr 1st)))))

RUAAE M U PR 12 5 BB EE RAL LG T 1+ 10 R I R B2 R I Y

(defun our-find-if (fn 1st)
(if (funcall fn (car 1lst))
(car 1st)
(our-find-if fn (cdr 1st))))

DR e i 3 38 PR A28 B AR R R[] T o
b I — R N BRAYRAE, N7 2 Common Lisp Zis i #5 AT LA B8 I # AL IR ER . (i ]
ARG A, VRt AT AR CRD B A5 PUHE A58 )9, T AN 150 R B0 P AEIE A T 372 A 9 R G0 4
R RECN R B 0% | 55 T DA — Ml H B AR % (accumulator) B 550 B &R A 2 H b ) H
R AL BRI R . X B, BRGHRRE 28 B HEE 2 B A LT A2 A E.
B4 our-length AJ LAFEHR 3K,
(defun our-length (1st)

(labels ((rec (1st acc)
(if (null 1st)

A R BAEIEAI IR, our-find-if BMECKICHIBIH T .




acc
(rec (cdr 1st) (1+ acc)))))
(rec 1st 0)))

BIHRE SCHY R AL BB A WRI ) IR TT R A SBT3 — 2% ace B Ml HIBT
FNEFNRAL R, ace MMEBE DI E, LB EER B CRAT LA T o 1l 7 R A B N ER SRR
SIFIXAME, TAE M P BRI IR RS T T LA rec BB

Y% Common Lisp 4iFan #FREM LR H UL (HIX AT A diFas BRI T . T ATESR S RBid
JHBREL VR4

(proclaim ’ (optimize speed))

AR SCHE R SRR I, T ORS8N 2 32 UUR I 0 EA T B ER LAk . °
SRR AL AR A A B A B Common Lisp ZiFar it e A Oz T RE S C BEP IS, HE
I E RIS . Richard Gabriel LA THI Y BRELVEAFIE , B 1 ZME] n:

(defun triangle (n)
(labels ((tri (c mn)

(declare (type fixnum n c))

(if (zerop n)
c
(tri (the fixnum (+ n c))

(the fixnum (- n 1))))))
(tri 0 n)))

R R E ] Common Lisp AR HIIGE. —THASIX S RF AT RES AT AR E A AT RER I A7
FESE T H Sl IR T e S s, SR EAE BB AL iR B T A SN TR

ANSY

29 WwWiF

Lisp PREL AT LASh g Rl 8 42 SO . WIARAR FURAE toplevel R —1> defun Fikx{,

> (defun foo (x) (1+ x))
FOO

2 B SIS ) A W 1Y) R PR LA (interpreted function)o /R T LAfH A compiled-function-p KAG 2 K 4L
RS IE

> (compiled-function-p #’foo)
NIL

AT AR R B A5 25 compile , X PP R IR foo

> (compile ’foo)

FOO

XHER] LAG 3% foo HYRE S, FHHEZ B HIMERERRAS H i v LA o

> (compiled-function-p #’foo)

T

i PR R O o Lisp R W AT R IR A, HEXS compiled-function-p 9 B —FE
B ) R A ] LA 1 - compile i B S — M SEUR 2T (BUCRIRG ERYE nil, Et 2 9iiF
BASHEE I R

> (compile nil ’(lambda (x) (+ x 2)))
#<Compiled-Function BF55BE>

S(optimize speed) [N IZ/E: (optimize (speed 3)) WIfAE o {H&H—F Common Lisp SEIN, #5 (0 AT —Ffm B, W &3F
T RIBIAILAC TG — Rl WA 227 AR X AL o
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UERARTFIIS 25 H 44 P AR B2 H, compile HIRURAUHE Y T4 — 1> defun :

> (progn (compile ’bar ’(lambda (x) (* x 3)))
(compiled-function-p #’bar))
T

1 compile SENLIHETE F HEMEFE AT ARG A& NI 07 s 20 AN, B0 M compile A H] eval
— R R T AR LA T B, R /0. © 2958 2.1 1 BARAEBA T G EH R EUR 3 S AR BRI,
A2 M KL make-adder ARHEATRRELH A2 AT 162, FFARSE IR 512 LR A compile 1521 A8 bR
o WM compile HAET W M HIMARLA M, EN D2 ME] o i LAETER A AR s 2L, Sl o (]
Bo BRAEIRAE Lisp < B —FIE S  (HRIME ANt , FZ2tuA T REIA 2] R FERY H Y

AR REA BN E A SRS compiles MR cri2 (667 T1), VRANEESF “TEIRAS IR B EASE i RE
Pt E SCHAY” R IR, 75 toplevel N, AIERARIE SL— 1 1et Y foo

> (let ((y 2))
(defun foo (x) (+ x y)))

AE2., (compile ’foo) s /NREPRIEIET TAERT. 7 VRUILABERT C &S 1 R EUA ] compile, crre2 B2
MEHBIE 7R <S5 2 AE R

T H 1% Lisp ARSI 773, A& compile B Hidm i pR 4L, /& F compile-file ZwifHE 3.
ZREE S — & SRR GRS B IR U —— — IRABI0, Gid H 1 ST SO A [ 1
AR B SR A — e iR B ST NS , compiled-function-p X UM HUE LT A BREL,
R IMEHE E

i T F) 26 A A 1 R A 5 — R ROR AR — D R BU R BRI H MR R £
LY, A2 B B R A S B g . curn2 BRI BATIX — AT (BT A AR SEEL S+
o

RF TR LG 1 1] e £ B AR, 2 BB B S A T 2 IR TE 2E AT o Y make-adder (58 12 D1) #dm1F
I, B [l 1T Y R AL
> (compile ’make-adder)
MAKE-ADDER

> (compiled-function-p (make-adder 2))
T

Je T BB A I X SR SN T SR A RGBSR U N B IR — Rl iR S R e SR T
HL A R ARSI 7Y, IR 48 27 A S 3 I BB HH —— X N e B il 1R 5 Sk b
AUghiEds. (TE55 53 TUA —MRIEHIBIT. )

FURARHI/NET R BT RES A IO 1R B R A B A5 IR XA R Y T T RE 2l AT R AR
ARE IR ARIRATE LT — >R
(defun 50th (1st) (nth 49 1st))
FEHFE
(proclaim °’(inline 50th))
T LAR SR B — ik 0, BAE S| ] s0th Rt TO R EA T B IE R R B T 1o AR IRATE SO H i —
MARMT soth AIEREL,

(defun foo (1st)
(+ (50th 1st) 1))

AS 2951 £oo WIS, B0th HACR ML AR S BT AT IR ATTROR S R R 2

% 192 TURFE T 250 eval AEME .

7R3k B AR 5 7 SO LA PR 6 B IR o 3k — R ol T LS IO SRR, WS T AR bR A I, 24 PR A
AEWT IR SR LR B (AR R
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(defun foo (1st)
(+ (nth 49 1st) 1))

—hEe BV, WRIRATE B T 50th HYRE LAY, AR AL A E B 15 £oo, 77 1 & T IR JFOR BY ZE Lo
NI BT IR B FEA LR ZAZ (WA 7.9 7).

210 RBFIRHIEL

— L FHR) Lisp 77 5 MRN8 XY TR DL A — i 4 5 AT Lisp B2 HIRE
J1o £ Common Lisp H', BRECANF 1 51 44 35] i R A SEEE A9 A A AS o ABARBIR T LA'S
HARFN R B RE P IR, IR N8 e S i a O o

B4R “Lisp F27 A LAW'S Lisp 217" #A i, Jo R HiX — LT AT . RIIA 250
f Lisp 27 S AR /D BRI AT RDX RS 5 AR TS 20 R FPRp e b e Bilan , 152 X AR (15 Lisp 2240
UKo AR IR B R BOREMK I T IX R, B4 5 AL 2 Lisp RIS B P HIRE ST




G
w
ot

R H T\ w2

B —ZEAFRE T Lisp A1 Lisp R /7 P52 A0 pi 81— B9 JEORP R —— pRAL e ok (9 AL s s e
—FE, ERVR BRI T BA TR E M RIRPE R N T TR E e TR T

TR Lisp tH 5 A I — 2w iE Tk XTI TR AL BRATRENS 220 5 S A Hh A
B . T—BlNA Mt HERNMRE T, 2 Lisp 1EIRA115 LIS XA 7 Rl g i) 75 L &
FEFF | AEEIE SS H A e 0k

3.1 ER#EigT

FWHRHE S Z HEART R BN, — BRGNS A R S A — . B2
BRI, B ATE R B TR ARSKIE 2 A Sk, PR AT LUK E 2 AT A& 1. 52 ML, Lisp BREL
HVRFIE 2 AE Lisp B2 B 4514 o

o B X g R E F R BHME A 2 B R SR o BIAE AR SR B SO R (B 40 18
it rplaca) AR f AR (1008 TS setq)o QNSRBI AR DI HLRAL , B e it 2> 25 2 Bl 332 , a0 38
e Lisp HFAEM—FFRABER X T XUk (4, (H G I [R] O HE RS |, Lisp A1 ek 20 A5 2 [A) A 5% FR AR5 BOR B
KA

AT, B AT LA eR A IR AR AR HARTE S AT T R A AR o B0 i T3 A R AT
TBIEFIFR EATRMUFHE —F o KA R 2GR P RITR I ez — PRI Z
B, R AR R TT R S A R ERHES R TP AE R -

3.1 TR ELRER IR EHESRAEVERA , A B U Hok IR 2 T e LAY
> (setq 1lst ’(a b c))

(A BOC
> (bad-reverse 1lst)
NIL

> 1st
(C B Q)

BRECINH 4,  bad-reverse SHF [ Lisp MAKAHZL Ht. HOREEAYZ, B A HE M2 4b: 5 E R IE R
TARRT RIVER], B0 B S et e 1 B ie iY 8.

(defun bad-reverse (1lst)
(let* ((len (length 1st))
(ilimit (truncate (/ len 2))))
(do ((4 0 (1+ 1))
(7 (1- len) (1- PN
((>= i ilimit))
(rotatef (nth i 1lst) (nth j 1st)))))

B 3.1 — XS FI R Y R AL

Eﬁﬁﬁﬂ%ﬁﬁﬁﬁbwﬁwuwmﬁﬁﬂmZﬁﬁﬁﬁﬂ’@mmmhwiﬁ%ﬁﬁ%gﬁ

19



20 %3%F HHIAHE

Mo rotatef 73] LS HALAT il AL Bt fY(H — P Wl A H 2 e IR LE I LIME N setf 88— 24
At YN TS, SR S e (T
52, 1 3.2 v sRELREIR [ FH B B 5156 . i (] good-reverse, FATIIE 2 iR [ {E A2 i
BN 5 RS, TG 5136 R A )
> (setq 1lst ’(a b ¢)
(A BO
> (good-reverse lst)
(CBA)

> 1st
(A BC)

(defun good-reverse (1lst)
(labels ((rev (1lst acc)
(if (null 1st)
acc
(rev (cdr 1st) (cons (car 1st) acc)))))
(rev 1st nil)))

P 3.2: — AR EIH SR 8112 (1 R 2R

T 2N AT LR SNSRI W — > KB EEAG . AE X DU T AR UL RS R %, (H2& X T Lisp
Rt X E AT . MEETFAEMG ST ARRING . KR RI4 5w R mRIEAE
RN GRILE KA, I H i T2 ER A0, AR B R A e 0 )7 T BAF N R 5. BREEA
T RN F AR B RIAT =Kt a4 ARSI B D R R[5 E5 41, Basic 15 & A2 — .

BV 0T 522 E/‘J%J:it, M bad- FH good-reverse [RNER A E@%ﬁﬁ@ﬁ?ﬁfﬁ%ﬂﬁ?ﬂ%\o 5 &]‘, good-
reverse MNMUKLE WHHTEZE O(n) MIAE O(n?).

(KI5 Common Lisp L&A T NER reverse, ITEAFKATAT LS H O SLILE o Al id & A 2B fi 5
Tﬁ@ﬁTﬁ/[\IZléﬁ, ﬁzééﬁﬁﬁz?gﬁgtﬂ*%@éjliﬁéﬁﬁgqj E@%ﬁi%x%ﬁo ﬂ] good-reverse *Tﬂf‘, W%
[ reverse JHITIR BME TAE, MK A B E NS5, (B3] Lisp AT RES IR LN B4 bad-reverse
TSR T RIVEH o aniRixsesz > 2 18R 3 LAY L b 7 03— D FISR BT A TR R 5

(reverse 1st)

SERMARAT AT A PR BA A B RCR . 5L E AR B IA ZE A AR eR A A A 80R , it 20 3
R A OBt EHU Ry SOUSOX FE

(setq lst (reverse lst))

T reverse IXFRIRAEFF YA T B 2 BUR BHE, TAEFH HEIEM . K B CRFE 7t 12 X R XU i
5 —— MU N E B G4, T2 RN, iERARAE RS S TR S A X

{EH bad- T good-reverse I FRATIAZME T — i1, IEHL/E bad-reverse HIX A cons. EXf LAY
FERATIRAE HAAMIE R R 3R o IXFER L BER 1Y, KA A T REAERE 7 B Ho M 77 10 2 215165138,
{ER T 303 AN AT RE X AR, S IX P 2L Common Lisp M 2(E T—1 O(n) MUK A nreverse
AR ST R AL BRI BRAR o

FIr VBRI E R AL SRR AR R BB AR AL 25 B IS B R A RIS Tkt 5 DA o 000 o, 1 i BRG [
977 2 AR AR E nreverse 1443 BRI AR A S8 UL 245 © RIFIEE B ABEN N B VR BT
SRR FN A T Ao FLART— 4, ¥ 7 J5 #5138 H gl iR [ E 5] . FRI5AARE

(nreverse 1lst)

GAEREPE], AR REMABLUS 1st BIBF SRS T o AR Z RSB AT LI 2R i LR
155 166 DA MR AT
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> (setq 1lst ’(a b c))
(A B Q)

> (nreverse 1st)
(C B A)

> 1st

(4

FHRIESRY— AR R A 1st TRZ5R B, XA ORI reverse 42— Y.
WEARFATREREA R BCE B X FEA LU A ERE N TR R . G2 AET BRI
PRPE R B N T TR IE R ER . il

(nconc x y)
JUF 2 A

(setq x (nconc x y))

ORI A0 RARE BRI T 17— 2, AR E T LLES TIE. SR x 2 nil B 25 R &t A
A Lisp BAERF AR ERLE A TEWEM . — M, W EBERF AR EA T WA G BUR EMER .
ANELRE sort-remove B substitute IXFEHI AR T WRARTERIVER  IBHAHE FMEM H setq.
AR = R RSO R E Y SRR i o AR pR A S AR B F BOA SRAB AL B RIVE T o T2 B
AR EIRIF A
FEIGX A TG AT REEAELEI (] o AW IR I S /D TR B A4

set setq setf psetf psetq incf decf push pop pushnew rplaca rplacd rotatef

shiftf remf remprop remhash

ALK et i & AR AW E Hrbo 21X BLEROA 19 ) 6 X L3545 i H I AR A BE R
RAFHI Lisp XU, AN AR S E T MU SRIM, (L — T AT LEARZ 4 FEJ 1 o

FEHABTE S B, SECEIE 89 5 i LR R 1L — D R BOR B 2B BT Re R s U RER [ —
ME, IBEIAFAE T LS HOE IR 17 HAaRE. S22, 7E Common Lisp BEAWX AN, K AT
T R KR T LA B 220

ZPIRAL, N E PR AL truncate W& [0 FME, AT I EEAL, LA FORECTF /NG 43 o A BRI [ S BR
H AR SNZ I XA BR AL P B2 i (]
> (truncate 26.21875)

26
0.21875

238 7 AT MBI Al A o M

> (= (truncate 26.21875) 26)
T

1R A multiple-value-bind, W H AT LUHHERIME . A ERF R — DA g 6 — ME A,
PIN — B PR o ARt 90 21 oK A0 FH RO H AR [EEL T X BERR A4 2k B2 X i 1 A% R AH:

> (multiple-value-bind (int frac) (truncate 26.21875)
(list int frac))
(26 0.21875)

e, N TR Z M8, BA T values #RAIERF:

> (defun powers (x)
(values x (sqrt x) (expt x 2)))

POWERS

> (multiple-value-bind (base root square) (powers 4)
(list base root square))

(4 2.0 16)



22 %3%F HHIAHE

R, BREUR R PR X T Lisp SRUICHANLL, [R0Y Lisp AL RE f C 23 17X
it Jixle TN reverse Ml nreverse JXHF A A BEHRAERT A AT R LUZFR )T AR A o HABIRAERT,
@mﬁﬂvalues5ﬂ]multiple—value—bind,ﬁ%ﬁﬂj7ﬁ§ﬁ:ﬁfffﬂiéﬁft§%i%ﬁﬁ%?rj%%ﬁiﬁqo

3.2 MSMEEIRIAR S

RGP AR B TR RIAR L B 3 LAY T 3%, Rl & SRR P A LU T RE AR B — 28 R BaRE 7
HIRREAEEA 4; & RS IR B M 4. R R —1H a fl x 58— ITERI
15 Fir ik Y 512

(defun fun (%)
(list ’a (expt (car x) 2)))

I SRR P W 235 “BUT x BY55—ICER B EF 7 A FR I a MIE AP AR 51567

(defun imp (x)
(let (y sqr)
(setq y (car x))
(setq sqr (expt y 2))
(list ’a sqr)))

Lisp #2/7 A == 7] AR FLX PR T 2R B RE 7 . LB F I UE A T =ife — JGHZ Basic, AKX
KEZENGHES o 5L L, imp BYE LHZEL Lisp Jmikas A fun 2 KAIHLEE S AR ETE X _ERMELL

RESAI AR RE AR, AT 240822 B O 5 X AERAREWE ? XTI 2R GORG, T8 2 AR AR X
AR TEF LR TRATI AT BB — 2 BT 2 0B F AR A S D8I A @ XA ARTE
AR, T H w35 fr & R P LS B A S o IR —FE S /T AR — 2 ) X 4 g
P IRABATF TR o

R HARTE S AR AU, WD I66 M Lisp AT REAR RIS NIk IRE . 58 AR b HOAE T 3o
ARG TRE —— o R VKEER S . SRR R IX TGS S B 2 RO o

TRVKEERT T UK AR, IR B m e Xt Lisp HIRSGE—FERT e X PREAR PUAE— RS LE AR EAUHEHE A 5,
FEIE HAURIRE A I T 75— F T ER I ATHIR IR VR TC R & 30X — o 48 Lisp 1E A
B IEE o T BEAGAI S 2 Ae H eR A AR S AR o

BRI, AP ey & R 7 e iR B P AT Es o IR VR AT DRI —pers F 2105 i A A0S
B AALUSVREEAT AR RNX NSRS R0, — e 1o AR J5— B ) VR A RETI A
— T e R S AR R B R

AP RN IR B 2 SRR Fp SR — D N B2 SRS R B R AR o BEARHR AR i & URR
Fra i R AR, R 2B MANEI B — T o LEIRAME imp BB NIX D EOR

BATE T ER R RN 1et B y Tl sqr WO XAURERE MRS R MBS0 eval,
T BRI A RS AR EE I AT TR VERR T G B ER o (X 2848 Rt iR Am e )7 b, FOR[E 2
FIEIET , B AR T 1IER R B OB R Y .

AT FATE AT R EAN], AR RS R AR B ia k4S5, ot & Rt F
HERINZ R ARG rSE— 529X 1ist A, A G IO P AT Zedt L — sttt %
T2 BB SNBSS o FRATTAR SR B A2 MO 5] X 488, sl S AR 3R AT TS BT .2 O Al 7, S8 05 Pl el 1 R
Ffo

MEERATFIG , AT sqr Bl (expt y 2) ,155:

(list ’a (expt y 2))

INGTRATH y Bk (car x):

(list ’a (expt (car x) 2))
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IAEFATTAT LA H A A4 1, RO Z B AT WA RS T 5 — D RIALE . XN
fIHEIE 7S B y R sqr BORCRE, RITMH45 LAE Let — @i ibbr I Mk

F A EE R LEFT G A I 2248/ IN T LS o A8 R SE OACRS B FRATIHNDN S & 1 K520 (List ’a
sqr) , HTCIE—RA H sqr BIEIREE . AL, IR [FHE BRI MG w s R b —FE— o R .

AREE HX A FARES AHIX BB T AE 2 B F155 E X T R B R 1% Al B
AR — L0 BIAE T A R L, o T DA 350 mIE T R B T 35 T — L

3.3 ER#FAIEO

FEECRIVE I L HAB AT EERIRS . flin B RXA RO T nconc

(defun qualify (expr)
(nconc (copy-list expr) (list ’maybe)))

HERABIRGIHEW . > WERIRERREAL 245 C — D E 240 IS IR BHE R SR AE R (equal) HYo
M FHE ARG, qualify B4R —FE . HIATRFEX bad-reverse (55 19 T1) FIRIFERY
PEIE XA R SE BT B S
A A BIVE B FRR LR BT T2 A )5 2 RE X AR L i, IR 2o R ATIRA
H o FRATATAFEIE A M, AR —> sR B 25 B HAR R B AN A I AR T BB A 2T H 1. filan,
qualify B/ nconc WLETCHN, KAV AE — DSEUNFIR LT A . EAE T ALK L
WEAHOT, RAVESOR A& R RE, FEAUE— A8 5 AL A, T2 26200350 40 R KD 3 T e 4
Ao R ZRIFBA HAB RN A AL x,
(let ((x 0))

(defun total (y)
(incf x y)))

B AR RCR S AEEE ORI AR BT AR 2 2 . — 45 E R AT (invocation) T LA 4l
EBCEME— A IR T,

GRS HONIR ME R A A I Lisp 1Y S5, 2 oA AU I A AR LEAE ik MHEAS B RIS 5
BEEFHAMAILENEASEAE LG TN G UEB RSB REFRRIZST B BIFREs, LRI,
(IR R EUE i FURAR I 25 AT TR G IRER AT T T AT 2 R R PRS- 251X S R 4L

BN, R A A R AT A T X AL
(defun ok (x)

(nconc (list ’a x) (list ’c)))

B2, €T nconc AVEF R M. M nconc Hf A HYZIFEIE T AL BT, MTBCA G FARALE, ok
VENZEBIPRA SR, BT LA ok S HIR UL ok HY
USRS — L, Bl

(defun not-ok (x)
(nconc (list ’a) x (list ’c)))

A2 Xt ncone WITH I 2B IL LS not-ok (IS T o
W2 Lisp B ESFIXMEY], 2R BRI EIH, EIRAIN ok IREEZIH, Fi
AEEHA AL LR R BT 1 HARLE S B URF A e A0 2 PR B AR 22 2l R G AR Y AL K
TS IR RS R s GRS SR BRI Ao RO REFI A I SF X 2E N A ARAD X B
B, RAE XA R BB EIE
(defun anything (%)
(+ x *anythingx*))

2RT R HEHRE X 137 Do




24 %3%F HHIAHE

{58 AR BB AR 3T 4 JR A2 B *anything*o [, A0 SRAT o] Ll o %50 AT DA 02 3% A 42 4 /48, IR
7, anything it AJ REIR [HT B AH

SRS S Lk A R S UE S B S RIAR VY RIS, I B RS BE AR L5t mT LR 46 b %5
AR T o« MINFE R, — Dl e BRI A S R AR D S A A BB B O IR AT F — 24
P E PR VR S A B FIAE IS R . TR0 — B AT R AR iX 2 B IR B Pt i 2 4
A

BEIPE R EAERF IR A A R, 2 A2 AR e — RS B e R o MRS eR B AR I, AT
DASE A I R 285 L& A EAESm 5 W e 0 T, BB i T AT T o SR VR AR R s B DA
SR XA EAFAE T o ARSI RS T REAEAE AT — 75 HI 3

AT S AN BECRUE VR REAS B R A4 1) R B AT — AR R SR B 8 B AT S AR SRR B A il
ko Biln Bk £ AT g, 10k
(defun f (x)

(let ((val (g x)))

; safe to modify val here?

)

£ £ BAERLEZRTY neone # val L2412 WIR g /& identity HUTHRIA L2 X FERTRLE I 7 Lk
JEANENZHALS £ REHART,

LA 8BS SR e IROX I RLUE B AR P, S RAAER £ ZINARE. BIREZ B2,
EHHANERRAL  ERNTA BRI A RS, FH7%5 8 £ JH G R TR T 7

— SRR ECNZIR IEUEATARE L BT RIAR T o Qb iR i 24 8 6 5 AR LEAR (Bl 855 | RT3
AIPRAL . ANRIRNTIXAEE X exclaim, LEE MR FMEAL S — D5 HIFIE,

(defun exclaim (expression)
(append expression ’(oh my)))

AR AATAT e B R IR [EHE R B 18 24

> (exclaim ’(lions and tigers and bears))
(LIONS AND TIGERS AND BEARS OH MY)

> (nconc * ’(goodness))

(LIONS AND TIGERS AND BEARS OH MY GOODNESS)

SRR T EHRIIES

> (exclaim ’ (fixnums and bignums and floats))
(FIXNUMS AND BIGNUMS AND FLOATS OH MY GOODNESS)

N TR exclaim HYX A, &M% 5 il
(defun exclaim (expression)
(append expression (list ’oh ’my)))
SR BN IR 85 FIB1 L BRI H B AT BN, RIA SR TR A B A 75 T & vl LA i A
ENN RIS TR, A B T 20 EROn B it el A o
LAt , 302 BOZ HEM S A 5 | B3 B T B BB SME 00, i R A BRI R T 51 513 IR 4%
UL, IZXLE A2 SE 2 AT LU 2R in (103 50) X FER 2R SE KA o

34 RENRIE
H BB T BRI ARR U A FRLSTRRR Ik . (B ROIFALIE S IE Tl Lisp FEFF 515

AR5e e SRR KA RN R B AA HY o Al T IR I AR KUK RO & i TAE AR AL o £E Lisp HIZHAIR
SR RAGUR P RELAER S YR L G L, SRR, 5 B R Pt AR R -9 A AT SR
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£ Lisp HEIHISKFE P ARXS & 8o AR ZA5 BAESA T T WHY, AT LARE BB B 45 R AR (AR S R
TR LA Gyt X Ry o AN B RS SR JE — BT A 2R PG o /R AT LATE toplevel 7R3 L
AL TR R A A s EOR I E AT

FEEMRRAR T A, O T IR E  Lisp KU EEZ 2idte R BRI 5 H YRR P i) LB 26
HOn PR e, N B AR | IX R BRI E B A, R 8 XU AR G 8t - DA XA
5 AR AT LB BB e T Ko 2 — D BRI ARG AN O SNERARZS I AR bug #2237 I
o B, R M SN T 57 B E— 2R TE 2 AR [AH . LR HE AR R AT, AR5 4 v] LME (TR [B]
IS

FL LAY Lisp 1217 R R EMATRRR 2 Tt

1. AT A RV P 20 B 20 Al B RO LA P v 5 22 B B0 1T LA ol o 20U
2. MR RERAGAERIWER, 12 s e it — 1 R 0
3. A AU Y — A E LRI R I RE.

— ELRRB% UK RIS R R R ST Tt T AU — A AFRIE RIS DO e M, ey 7, b 68 55— 2%
DL W SRAT —Herte s w] FLER I8 4 S S Wz s A o

£ Lisp B, —#E R LUBE AP B Bl . SEMUE 1, A RIH YR, MOy R B AR , 75 5 O SER £
BH O, A AR TR . BRI BEEE B (R A UUE , A SRR X AT X
TEAUAUE R L R T — D SE AR B & 7E Lisp H, TR IR 502 DM T 19 38 it e AT LA
DGR e FRSREARL, RIF 9 [ B3 T A A A R HTOR . ARA VAR BRI
GRFHER, RESE A M.

XA 2 E R 24 R VRt T DA S R T . KT Lisp, AR H AR S B0RE, A2
G A PR M A B AR o HAE Lisp HLX— 1 S0 « 1 R AL, 8 28 s AL — P00 AR AT LA
JEA— TR A H BARRARD S AR A3, 4 SR A AR AR RNE 2 A 2 R MO% R 7 f e
BRI o IEANWTEAASEE R B, X — BRI 5 1 BRI EmRERTRIAT . Bk T RN
S (675 Lisp FEFF A 2/ E— @R _E M IH TR - SEBLRY AT R XU I 1 R

55 11 SR T BRI ERSEHE RS R . TR IR RS TR B A It R AR A i
—IHEE . XTSRS BURE ARG A AT WRIR AV REIER — RN TE S R ], FRait b7
B, R (66 A H AT = B AR AT VB B AT bug #OEIRREF LAY bug, MIAETH 5 A 1Y

METEVRATH R A RE SR IEIX — BAT, (Rl B REH RGBT O TSR BB AL 2 I8, 4E Lisp HLURAT LAPAS
PR AR REEINIE G2, 7 B AT MR, VR AT LAS SR OBk B R, i E AT A
AR REROR A AT SEAE o
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s =

% 3 F

% 2 X A2




G
D
ot

}

SE FH BR 24

/

Common Lisp #AERF 734 =25 7] H 3E LI RN 22, DUNANRE H E LHYEFRIE A (special form)o A%
T IR R HOR Y JE Lisp HIBOAR o« (EIX BLAY “BOR” Rl 13 SURNK—FF. R TIXLEpR %, A
EFNEERE MEZHBEEMIMME. 45 Lisp 7RI ERFIVR S 'S HAUATAT Lisp o8&l
RREAKE/NF . 95 Lisp ¥ BIES AT ELS , METRESGH 4.

41 SEHIBMEAE

BRI R, AR R SR R, B RO IR AY Lisp B ROX MR AR—IBAE
M5 REFT , [FIILAE Dy Lisp HEIARLERT LILEVRAE FP RS B U 5 RSB AR AT o X BB R R AR O 58 A
£,

S TH? X —ARGEFFTCHIRAIE Lo AR —BACHS, AR E A S AR FE /N T L, B2
WEAE R ER 19— B4 Y3, X BRI UGB 1 X Bl il EAFRZ 0 SEH D H . 28R, — 14K
A REFR N S TR (HR2 05 3T 50— 12 E R s B AT Lo K20 T A Lisp ©A7 19 B0
FARMEL. 9555 E % Common Lisp WEMHRAERFIRE SEH TR, AT WESIR T A L5 IT
) remove-if-not AL, fEE il Common Lisp HY—#B4; LAY, sl e e SUITAL N L& HUE LT 2 4F

)0 S TR S HUGE 7 SIS NEOR A2 78 i 5 SE TR BJRIA B R
T EWE g S R MR AR — T RARIE S« 8 7 U — i R AT 37— TP RE A A
BT RV ERFRIREE T o AR RE AL B — DR FP I, <M, KSR EIE R SR A,

A7 fRIX nicknames X AE N ERAL, B AT, REEE IR PR IX A 27
FIRT AR A . A T IX AR AL, FATERE — & RN WA P BEFRYE? Lisp KR FE AT RESS
HH LU R L
(defun all-nicknames (names)

(if (null names)
nil
(nconc (nicknames (car names))
(all-nicknames (cdr names)))))

A A5 Lisp B2 01T RE— & B FERY s L2 <], SR FIE AR 2 /2 mapcan. ” S4)5 , A F
BEA E S — A Fr R HoREH — AR A IERR , B I — sk =0t 7

(mapcan #’nicknames people)

7E X all-nicknames 564 /AL B ML N1 CHYRHAA R T BRNWERE 7 — D2 AR
FHIB FHERA R R B e g 2T T2 A R AR SE I E

XFIXA 2K, AT mapcan AU ([ H1iE mapcan I AFEEE] all-nicknames [N#B2 3
1A RN KET IR . AR H IR R R 5 T MU, BRSO IR ERF IR R 5 HOR A6, R
WAFAE IR« VRDBEB ALV “VRELEAR BRI x” BRI, RITE x WIZR& T 4o

207, Lisp St 2ok — BAA R, g AOZ A B VT 9 SE T H . AT H A R R IX e T H 2
ERETE A B towns AP F 4 ML EIIEHE T, bookshops FRELIR Bl — ANk i FR ET A
FIERIFIER . ARAREEA AT 09— A 5 AR, DA kT A 435 , FATRT RE—TF I & IX PR

27
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(let ((town (find-if #’bookshops towns)))
(values town (bookshops town)))

(EJRIX A A K AIE: 2 find-1if HE]— bookshops, IR FIAEZ TR, X MEM HHER T 855
ESEE A Ko U12R bookshops & /IR YRR KR, 20X 4~ FH 002 BE H I SRS . o T
WEGSOTC ), AT R T A R A
(defun find-books (towns)
(if (null towns)
nil
(let ((shops (bookshops (car towns))))
(if shops
(values (car towns) shops)
(find-books (cdr towns))))))

XV (find-books towns) F/VREMGFEIFRANTEEMLER  JFH AL TALERTHE .. HERI2, AT
SRS LNE P — S R Ve X HIRATH ERE 2 — L TH, B4EK T find-if Il some
HITRE , I HREIR R 4F A EE R A TC AN BT R A H IR [FME o IXFER— D52 T HE AT REREAE SR
(defun find2 (fn 1lst)
(if (null 1st)
nil
(let ((val (funcall fn (car 1lst))))
(if val

(values (car 1lst) val)
(find2 fn (cdr 1st))))))

TER % find-books fl £ind2 Z [RIAIHIMMEEE . WIHH, J55 FT LB AT IR E A0S R BUAE 5 BIX
ABAYSE A TR FA TR LA A 2B R B R AT B AR 1
(find2 #’bookshops towns)

Lisp Z 2 A — M — T " BURHIE , L2 BREEVE N S B T — P EZEA M. Xt Lisp #
ARG T AR RS A IR o SHRBEE — P R B A E N s RS A B R S0 ARl m]
LABE 2 2y M X A~ BRI SR B B

REFPCH BT TR — TR s B A AT A X R i GO B R 95 8l BTLIRAYN A 2 —lt: D)
BB RIAT NG IAEARS BT o 5 E SR BRI A, BT U589 AR (HH A U — P
A ANUNE S A B BUR JR B AR F i ISR U8 456 £ Lisp Bu] LUETS B —28, K3k
AITAT LB A s BRI ARG 38 . AERT P07 1 AT — 2 R R BOE ) 1A MBS A
SO R BARES — 1 BN T A TUE LA mapcan, 55 — /M7 2G4 HY L H]
T A find2, (BEN TSGR EA I —FEAT: 5 R AT RORT & R AE &, A E Ll R 2R )E
L AR ENS AL

I SRAR AL XA, A5 2 AR E TR AE P . BANRINSD B iR LR it i e — 5 H
HRFER A AREE NN 32 M THEE A7 18 M AN S AL

42 EHEHR

AR SR A A R R RS AR A BRI TS B A A U E . i 5 FI4Er— MRS
HAREE L . [RIEEAAE T, e s

MR 95 S THAT AR — Rt . 184 £ind-books B £ind2 X SEH T
B SR BN AT BRI 22 o AHIER A B BT L4608 1 R Fp, RO S A TR B vl
LAAS HEAE AT RE 7 AR _E

X} Lisp B9 REMERASZHIFEA R B2t BT B S0M THAT DUBCE Sk i S0 5L EIREA
SAEBN TR P 2 BUBATHR 1, WA AR R A ME s B AR I e 2 e k25
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SR VBN —T0% oy, S THIS R FREFMNIC . THEZWEENII IR X BT E]
SRR AT, BT MBS IR ECE IR Z A < i 2 AE . BRitbZ A BB e A8t — 1
AR S TR AT B A A TR, A RAOCE IR T T30 . &5, AR AT A ST —FF, FA47]
AREET SR ARART REQNE — LU B ERFVE AR P & B R i AE SUREO E UGS /£ H A & 18 RE
RENEANT, ARG MK B SR ST 2 S AR E R P IE . 55 UG WHRAE AR Fy B4l FH 2
ELEARAERT B, AT B EA T TR 3R T2 S TR A28, S8R e 1@ A1 .

find2 XA LEERE —UONER T i 7 TR R A, FRATZAMS 2T 7 /7ias . 1X—
SEH TR X AE R U AR T o Guy Steele 58, — [ 1R 1E H M1 IR Fe 1368 >R &35 1) H 4%
e

~~~~~ AV FARAE — Fh g R A & 7= AR AT S B T S B e NS R B (3R
X B “HAE” Fi5 02N BRI TR A B 858, X T IEF B ki, By
HIEXADE 2 PG T 0 FRATUCA I B AR, F 5 B IALR TR AT E — A7
R+ AT AR B o RIS — PR I T SRR, MR FANTS AR Y 46 HE E Ay B i A
THEB—FNANE e EERNE.

TEARMITE = B, BRIE R BT Y SE A T HOR SRR T A, A5 WX A X B35 A5 16 R P 445 | RS R A0
T A A 2 IETT AR D B im Ao iR IRATIRAE — MR R B H — D FIRE UG Lisp 4415
RIS H

(> (length x) (length y))

PR BT — - B BT 2 LA B5E B, FTRERIE S A1 IX LB S0 e B AR 1 R

(mapcar fn (append x y z))

XL 7 A 5 S TR TR SO E 2L, 50, AR S R o — T 1ES, —
B TETHANSEHTE, B3 GBS HEM G AR . IR LS TR A SIS I & 2,
EATES R ERASE HE MRS TR

—HS M THAETRE S RN RIE TAEEAS . (B EEENEN: MRS MR F . B
Ui B0 B R4 2 BAES) T2, OB E 1 A1 7 5@ AT s SCB IR IXHL2 N
ARG TR T A= BgR 2 T ERIA R MM TRE IR T LA TR AR, G R b st 2
M. FFEREISR M EE BRI ERES R . —B5E 7 RS TR fRr RER IR & B
AR T

HTORIFAR N G LS R ENTEARERA S VR LU E] Lisp B2 R . SR1T X
BRI T S TR D RSB P 8 I e TR AR

43 FIFREHIRIE

PR FA) G A Lisp FEAEIRLE . F5L E “Lisp” X4 F5iK H “LISt Processing (#3840 A
AR IX NIRRT T o Lisp BRAIGEAIE 2 [B] % RIFA L HEREZ (Polo shirts) F Bk [A] Y 2% A&
FT. — P E EMALRY Common Lisp #2/7 B AT REMRAGIE A 5L MR o

EN, BRI EATIR A SN FR . BT IR T  EIsf T IR A E %138, M AT RE S AE S 15 ]
Al R TT AU R A TS o it LURE SR A M LB Lisp /75 AR T, (HREE XI5 3R 1 25
BRI SAE Lisp F2 7 T EZA 7

4.1 F1 42 BARET —SHE FIRR AT 51 2 1 BR B, ABLEAEI 4.1 o2y 1 S (B A5 5 LI fe/NSE
MTH. AT ERSERATE, MZ e 145 B A inline. (W 17 11)

F—DREUE 1ast1, BIRIBIFIRNEG— T K. WEN last BRECHSLR BIRE SR &HE—1
cons, MAEMIG—TCEK . ZHUNE, AMTEZE (car (Qast ...)) HTECREEHEE— TR
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(proclaim ’(inline lastl single appendl concl mklist))

(defun last1l (1st)
(car (last 1lst)))

(defun single (1lst)
(and (consp 1lst) (mot (cdr 1st))))

(defun appendl (1st obj)
(append 1lst (list obj)))

(defun concl (1st obj)
(nconc 1st (list obj)))

(defun mklist (obj)
(if (listp obj) obj (list obj)))

] 4.1: BRAEVIZRIN—2/ NeR %K

(defun longer (x y)
(labels ((compare (x y)
(and (consp x)
(or (null y)
(compare (cdr x) (cdr y))))))
(if (and (listp x) (listp y))
(compare x y)
(> (length x) (length y)))))

(defun filter (fn 1lst)
(let ((acc nil))
(dolist (x 1st)
(let ((val (funcall fn x)))
(if val (push val acc))))
(nreverse acc)))

(defun group (source n)
(if (zerop n) (error "zero length"))
(labels ((rec (source acc)
(let ((rest (mthcdr n source)))
(if (consp rest)
(rec rest (cons (subseq source 0 n) acc))
(nreverse (cons source acc))))))
(if source (rec source nil) nil)))

P 4.2: BAEFISRAY— LEBTR R AL

AR BEEFME LS — A HT RSN THM? 21, WR B VA RO A BRI A5 5

W ER

EEE last1 BAMTHRRE .. —RIME , A4 U ARMEHE AT T HHR G A
FEN TS LR AR BN o (FUR AR S/ N S T2 AN A S5 A0 At B 1
i—Fx A
> (lastl "blub")

>>Error: "blub" is not a list.
Broken at LAST...

o TATEE A
G, IRk
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X Last ARSI S0 TEMBAR/ N EATNTF IR L350 0 A0 B T 1T i B 5 2 AR

BT LA 3 R ) AT A — IR BIE% 1astt X FPSEH TH ) MMM ENRETH 194557 .
single PRECHIWT A RIS N HITCEMYIEL . Lisp BFEH T B FIRL . 78— IR SCEL A IS

{5, AT RES DS TE E ARk

(= (length 1st) 1)

ARG X7 MR R AR . S R B R 5E SR A SR — IR SUAIE Fr A BN T ALE
AU T o

TR appendl M nconcte WPHSEAEFNELS BB —HITR ,/E\Z:i‘i)ﬁ%%ﬁ[z%‘@ o iX
SEPREER IR/ IN AR A LG 2 B2 € o T H. appendt £33 A1 Lisp /7 5 B, B SL b HUE L T
Eo

IRIE A mklist, B (/D) 1F Interlisp HEAETE XL 7o HEPZRMREN RV E5E. RE Lisp 1€
B s i AR A A ME, AR R 2 MEALRAIFIFE . (B Lookup MLEIX LR — N EREL,
A, data & — o5&, BAHEX A R EUK Y AT data A TATTER , BRI BCER 220 [AH . A 2528
R B RIS R R . WTLUXHS

(mapcan #’(lambda (d) (mklist (lookup d)))
data)

4.2 BT TS TG . 55— Longer, R MER 18 B MHISTRE KA, B
IR e EHEMASIZR, FOAER D PIRE R RMEA IR M I 24 R SR AT IR S
GINSRESRYERCR

(> (length x) (length y))

IEFERSE: 2 BT MIRRL, 2 R Bk RR e K B R #1156 o IR — D AR A B I il i 75 — 1,
T LA B RS KA T BRI BEAT A B A o P #R A E R 20657 o 18 Longer HRARASCIH: ELIFAT MLk [ 1>
PR PR,

HRAE longer B S @%ﬁ,%ﬁﬁ?ktiﬁfﬁﬂ‘ﬂ%ﬁﬁo iS5 longer A TR A /Y, BT LA
HEREH length HIBHC RN G, BHPREALFE o (HEIFAT LI B 70 HUiE T 41038 e LAIX A P A
B G SEEE SR A ] LA T

TRV filter, B M some B K RIEMLT remove-if-not Ml find-if Z [AIHI K R WE
i) remove-if-not MR [MMEFXFEAE ALK —FF: RIIELS E VIR AT A cdr KIRE 25 find-if, [AII 5
—DSE— BRI A R XS 2 B9 BT A IR [HE R R & remove-if-not IR FIE. 5 HHM,
filter R H some MUK HIAESZ cdr b RYIR BB :
> (filter #’(lambda (x) (if (numberp x) (1+ x)))

’(@12b3cd4)
(2 345)

ALty filter — M EREURI— A3, WX B EUE IAESI R ITER IR BIREA N = BRAIX AR Y
IR MBS RR MR 26 I E/EN filter H AR EE,

HEE filter i 72 nds, ERY TAETT M 2.8 WHHIAR R IHRE 1. L b, RE R
1B IH R B At 1L gn R AR RE S AL P M filter ABRERIMCAT . X T filter JRUL, IXFhEHZHIEAE
SR H B S ORIF T X T HI R A Rk UG, filter &8 L H Y push Il nreverse 4G & hnifE
Y Lisp %

Bl 4.2 H e — 1 BRBHRIG IR 3 T 9158« RS group — 113K | FI— 17 n, IFEISIR
[l —Hr 7R, AR | RITCRIZK N n B TFHIRAR.. SERRNITTEBER G — > TVIRE . X
WRFANZE 2 VER S A28 TN TS 2] — > SRR (assoc-list):
> (group ’(abcdefg) 2
((AB) (CD) (EF) (G)
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N THE group TR IHAY (A 2.8 T7) , X s B G5 A Lty 2R A o PR AU YA JRU B ]
VUMM RPN B BES T BRI R SR G £ 51R flatten IXFERIRRE , &
FRTRTRESEIUT SO F AR B SR, — HIX A A T T, iR A3 Rt v] LARTEE
AR ISR RE A RARAEE . MR R LR/, /TGRS R TR T
BENERERENTN. (group ME 4.1, 4.3 FIAMPRE A HLA R Z W FJEEE 270 TWHIFHE. )

group & ISR ZAAET B2 IGHE T Fpiie: RS —A2E0 0, P2 TR 2 A
— A TCBRE

MRS B3, AR R G T T8 % 1Y Lisp SEERER Y i 315 2 [N AR ELAR L, 7 19 K A
ROTRERI RS Lisp 95 « (7% [ERIEE U HIIAR , group AL AW A M, Al E &£ M Fh, XA R AL
R FE U B Je SR T H 3 e T

(defun flatten (x)
(labels ((rec (x acc)
(cond ((null x) acc)
((atom x) (cons x acc))
(t (rec (car x) (rec (cdr x) acc))))))
(rec x nil)))

(defun prune (test tree)
(labels ((rec (tree acc)
(cond ((null tree) (nreverse acc))
((consp (car tree))
(rec (cdr tree)
(cons (rec (car tree) nil) acc)))
(t (rec (cdr tree)
(if (funcall test (car tree))
acc
(cons (car tree) acc)))))))
(rec tree nil)))

P 4.3 fXGE RIS TR

& 4.2 H pr A R ECEEAERIAE S R M i L2 (top-level) 54 Eo B 4.3 250 T FRERIH B
B REURH. BT— flatten, /2 Interlisp FE L. BiRE H—FIFRF AT AT (atom), B
AT R TTR AT N3 Bl

> (flatten ’(a (b c) ((d e) £)))
(ABCDETF)

& 4.3 HH) S — P REUR prune, X remove-if HIE SUHAHY T copy-tree Z T copy-list. il
UL, B T IHR 7R
> (prune #’evenp ’(1 2 (3 (4 5) 6) 7 8 (9)))
(1 (3 B) 7 (9

Fi A R SGR BB R LR 7R 1 1

44 HER

ARG S THE R VIR AR EUR B . )4 Common Lisp ELAHR L T =5 1 N B s &LA] LLSE IR
PR D RE, ERS T LT 55 A 6 X 28 bR 0 SR A LS LI —— s 0 & A1 28 A0 Te s R R 58 B
BEo FRATES 27 DUHEM BRI 7iX— e B 4.4 HE LH ML TH find2 ,SUERITH T
figp R[] A 23K




44 & 33

(defun find2 (fn 1st)
(if (null 1st)

nil
(let ((val (funcall fn (car 1lst))))
(if val

(values (car 1lst) val)
(find2 fn (cdr 1st))))))

(defun before (x y 1lst &key (test #’eql))
(and 1st
(let ((first (car 1st)))
(cond ((funcall test y first) nil)
((funcall test x first) lst)
(t (before x y (cdr 1lst) :test test))))))

(defun after (x y lst &key (test #’eql))
(let ((rest (before y x lst :test test)))
(and rest (member x rest :test test))))

(defun duplicate (obj 1lst &key (test #’eql))
(member obj (cdr (member obj lst :test test))
:test test))

(defun split-if (fn 1st)
(let ((acc nil))
(do ((src 1st (cdr src)))
(Cor (null src) (funcall fn (car src)))
(values (nreverse acc) src))
(push (car src) acc))))

K 4.4: RIIRAYREL

AT A 2 before, HH B £ind2 Bl BEIRRAE D IIERF A REGAET — PR
HIJ IH:

> (before ’b ’d ’(a b ¢ d))
(B CD)

XA LR 2 5, UG Lisp 7] LARCRLE i
(< (position ’b ’(a b ¢ d)) (position ’d ’(a b c d)))

(B2 Je T I A R AR U2 2 8 AR RO AT AN 5 B o X AR, AR BB R — X e Al
T3 T2 o AR R, AR X R A AT — D AFESIR B B4 position K 4xiRIE] nil, M JE 42
N < 25 {diH] before A AR P P [1] o

1T before AL A5 AR MUA AR (G, BT LAFERE SCE R, A REAT 7 N B Y member PREL
B member , BT A — ML) test 280, BN EN eqlo [AI, EAFRI AR [ ¢, &R
[T HEA FHRIE B DMEN S — 2R B SO E Y cdro

TERE], PR before MEALFISE —MSACZHT, HUEE] 7 SA B ARX T RS EHGR P . X
PR, A PR AR AE 2 A28, Eth &R [F A
> (before ’a ’b ’(a))
(A

WIS after FATRT LABCE D AR A, BRI SECH T DR S 56 B

> (after ’a ’b (b a d))
(A D)
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> (after ’a ’b ’(a))
NIL

WER (member o 1) fEFIFK | BB [ o, B FIIFIREIFIZE 1 HLL o LA edro X —iR [BIM{E AT LA
Bk, i He PR PRI EE TR . AR o ££513R | PEE NI, A nember HLAETEIR B 7 A cdr
HEEIE.. X AESESE N DL LAY duplicate:

> (duplicate ’a ’(a b c a d))
(A D)

AR TR 64 JEL , mT LA 3 e ) LAt PR Wi i 5 B AR A S 2 H o

IRZHRH 18 5 18115 A Common Lisp i nil [FICFE B2 51 BN T B o IX A I
SRS (L 134 D), (EXT T4 duplicate IXFERIEBORGNAER T (. ETHE THEETET 1
J7 4 (sequence) HIARLE BREL , 123 i 1R 27N A5 5 I 25 SRIE 2 FEARAT & i PR o

@44%%5*4@ﬁﬁ%mmMrm%ﬁE%oKﬁZﬁE?mmMr%ﬁ%ﬁ%ﬁ%ﬁ%ﬂﬁﬁé
[ A BITT R I IE HIFN R A cdr, 117 split-if HOJFEFIRATMADERFRIR T o Sl THEEMATO&
F IR HEGT e 1 71 2
> (split-if #’(lambda (x) (> x 4))

(123456789 10))

(123 4)
(56789 10

Kl 4.5 o3 — R R R R AL BAMESIRITTRZ BT I B DR EUE most , BHFIREH
— IR most FEZ—DFIRM— A HIRAT 70 B KL, HaR MHE LR P R &S TR . 2 EUHER
A , HECE R B9 TR IS
> (most #’length *((a b) (a b c) (a) (e £ g))

(A BOQ
3

N T IRAER  most MR ] [ ARIETTER A9 9340
best fEfit 1 Fl B YRR TT 30 IS TRESZ— s — 8136 (HX B Y s B i A
PIZEEIE . EREIRTCRAEZIE T i HAB TR

> (best #°> ’(1 2 3 4 5))
5

FATTLLAN best 51T sort HY car, HATEHIRCKE S, sEAYI & A oA — D REAESISR T
AICR EELEFHIBE. TSR P ITROIFA ISR, M2 —R, /2R T, B
FARME

5, mostn B — M EREONI — 1 F13R IR [l —> thi s 7 BT A TT R 836 (DL A i
AR E):
> (mostn #’length ’((a b) (a b c) () (e £ g)))

((ABC) (EF @)
3

45 P&t

A AL Lisp BREUE WU eREL, BATE— D RER A2 — 128175 B El46 BRT
— LR L AR B T = A BRAUH RG> B B — RV B, MTCHT cons H A A X L4
FHFNFHE . BTN, map0-n Fl map1-n, TAEFEIEEEL X 7] F:

> (mapO-n #’1+ 5)
(1 23456)
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(defun most (fn 1lst)
(if (null 1st)
(values nil nil)
(let* ((wins (car 1lst))
(max (funcall fn wins)))
(dolist (obj (cdr 1lst))
(let ((score (funcall fn obj)))
(when (> score max)
(setq wins obj
max score))))
(values wins max))))

(defun best (fn 1lst)
(if (null 1st)

nil

(let ((wins (car 1st)))
(dolist (obj (cdr 1lst))

(if (funcall fn obj wins)
(setq wins obj)))

wins)))

(defun mostn (fn 1lst)
(if (null 1st)
(values nil nil)
(let ((result (list (car 1st)))
(max (funcall fn (car 1lst))))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(cond ((> score max)
(setq max score
result (list obj)))
((= score max)
(push obj result)))))
(values (nreverse result) max))))

& 4.5: A ICR RS R AL

CATHIA 2 mapa-b SEELRY, 1T mapa-b BE A | & REAME RN 55 22 800 # 0

> (mapa-b #’1+ -2 0 .5)
(-1 -0.5 0.0 0.5 1.0)

mapa-b i, Bl I map->, W U ARSI R P FAIG T8 A SBA IR,
Fe B B G5 ARG 28 =280 R R BOILE , 1T Fe 91 Y Jia 4R T 3R R 268 P2 50 R R B . 15
B map-> , AMUAEH P BEEUT 5], I8 T] Lo PR —FP &t . FATEEM map—> i X mapa-b, WIF:
(defun mapa-b (fn a b &optional (step 1))
(map-> fn
a

#’ (lambda (x) (> x b))
#’ (lambda (x) (+ x step))))

HTRCEZE & NE 1) mapcan AR PER, W] H PR HRIA:

(defun our-mapcan (fn &rest lsts)
(apply #’nconc (apply #’mapcar fn 1lsts)))

T mapcan H nconc F KB, 56— DS H0R [ 171 38 5 i 2 BT G B 1Y, 75 I 45 R R 1Y B fige
EHREAHE T o IXME N T2 nicknames (55 27 T0) # 8 SU— MRPENEFR <A il 41 28” By R4k, Nk



36

i
~
o
)31:53,
=
B
B

(defun mapO-n (fn n)
(mapa-b fn 0 n))

(defun mapl-n (fn n)
(mapa-b fn 1 n))

(defun mapa-b (fn a b &optional (step 1))
(do ((i a (+ i step))
(result nil))
((> i b) (nreverse result))
(push (funcall fn i) result)))

(defun map-> (fn start test-fn succ-fn)
(do ((i start (funcall succ-fn 1i))
(result nil))
((funcall test-fn i) (nreverse result))
(push (funcall fn i) result)))

(defun mappend (fn &rest lsts)
(apply #’append (apply #’mapcar fn 1lsts)))

(defun mapcars (fn &rest lsts)
(let ((result nil))
(dolist (1st 1sts)
(dolist (obj 1lst)
(push (funcall fn obj) result)))
(nreverse result)))

(defun rmapcar (fn &rest args)
(if (some #’atom args)
(apply fn args)
(apply #’mapcar
#’ (lambda (&rest args)
(apply #’rmapcar fn args))
args)))

& 4.6: WL ERZEL

CHEBR B — AR AT B 5132 I8 4 mapcan SRAL 2. BATT R ATATHAEH append
IR PN R PFEAE— A o X TIXZRNE I, mappend $24t T —> mapcan HIIEBEIRIERRAS

TS T HSE mapears, AIRARAN 245136 mapear 280, IS 28/ LA BE . U A M
N AR BAF BN E AP T iRAIER AT LUH S Lisp X AESEIR:

(mapcar #’sqrt (append listl list2))

{HIX LA cons /ZTA LN AT 1istt Ml list2 AAE G, LRI EF T4 158 mapcars, A LA
SRR [R] A

(mapcars #’sqrt listl list2)

M EEBES T 2 R 1) conse

& 4.6 F i Jg— 1 BREUEIE H TR mapcar UK. B4 rmapcar #& “recursive mapcar” H45 5,
It H A mapcar 15w -T-7138_ERESS KT RE , EHE AT LASER LA
> (rmapcar #’princ (1 2 (3 4 (5) 6) 7 (8 9)))

123456789
(12 (34 (5)6) 7 (89)



4.6 I/0 37

M mapcar —#F, B A LAESZ — LA ERISIERAE A ZEL

> (rmapcar #°+ °(1 (2 (3) 4)) ’(10 (20 (30) 40)))
(11 (22 (33) 44))

Je T PR L R B 2 rmapear, (S 227 DU rep_o
TERFRRIE b (LB 5 b eR BT RE S 4% Curn s | A 3172 (series macro) ATt B4,

(mapa-b #’fn a b ¢)

A LABESCS A

(collect (map-fn t #’fn (scan-range :from a :upto b :by c)))

JE L, AT RN T . AR & R ST R BR] RES B M. — 28 map-> 3%
KA, U series KR BAAR 2 T5 (8 e, WA R EORIHL A sl 20— B R I E S 280141

46 1/0

(defun readlist (&rest args)
(values (read-from-string
(concatenate ’string " ("
(apply #’read-line args)
")"))
(defun prompt (&rest args)
(apply #’format *query-io* args)
(read *query-iox))

(defun break-loop (fn quit &rest args)
(format *query-io* "Entering break-loop.’~%")
(loop
(let ((in (apply #’prompt args)))
(if (funcall quit in)
(return)
(format *query-io* "~A~%" (funcall fn in))))))

& 4.7: 1/0O B

Kl 4.7 ?AbHTZ/I\ 1/0 SEH TEBHIF . AREFEFANXIEELH TH WFHRESAARR. K 4.7 FRAT
LT o BLRVRA BB P AR A A T LA K355 B AT LSS — P eRdl. B A—1TIFELAYIER
TR Al

> (readlist)
Call me "E4"
(CALL ME "Ed")

PRECE LR values &0 T HAGE|— MR EME (read-from-string AN B 2R [0 55 —AMHE  (HX METE
IXFREH B E)-

PRI prompt 4T FI[AIBFISEEUE 22245 & T ile k. B AR format BRECRMUISEGE  Br T —HH G
IR 2L

EEE RPN E S (collect (#Mfn (scan-range :from a :upto b :by c))), WA EIEEASEMAY. CLTL $#2%]: The
# macro character syntax #M makes it easy to specify uses of map-fn where type is t and the function is a named function. The notation
(#Mfunction ...) isan abbreviation for (map-fn t #’function ...). T H AT series ZZHIARIESLIL cl-series FL7E MM LUS 5k
”MMTﬁ$EXﬁMiA LU BRI T R 5
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38 FA4F FRHIK

> (prompt "Enter a number between ~A and ~A.~%>> " 1 10)
Enter a number between 1 and 10.

>> 3

3

R, WARARA B Lisp B TUZ BRI, IR 4 break-loop Al LA BAT . BHEZPINEEHM—1> grest &
e — IR RIS HUL S, prompte U ARS8 1 eR BOR [RE SRR AT e A0SR — 240K
SR Lo Bt ABRATRT MBGX FEAMT ALY Lisp toplevel BRli:

> (break-loop #’eval #’(lambda (x) (eq x :q@)) ">> ")

Enter break-loop.

>> (+ 2 3)

5

>> :q

Q

B4 — T, X /& Common Lisp | i T 5K X i@ A7 M AT AL AT Ko A0 RAR AT ALE I AT B
H eval, I 2A%A Lisp F2/5 &8 AT AL 2 Lisp A5

47 FFSMFERH

(defun mkstr (&rest args)
(with-output-to-string (s)
(dolist (a args) (princ a s))))

(defun symb (&rest args)
(values (intern (apply #’mkstr args))))

(defun reread (&rest args)
(values (read-from-string (apply #’mkstr args))))

(defun explode (sym)
(map ’list #’(lambda (c)
(intern (make-string 1
:initial-element c)))
(symbol-name sym)))

P 4.8: BAERFSHIF7F B BRI AL

RES5 A 75 P S A o T AT B AN 332 B0 Bk 4, FATT AT LAAE X P P 380 J7 22 TR B 346k
K 4.8 28 T LA THG T EATHGE R BOX FEA TR . Hrp 5 — e mkstr, EHEZAERHUR
HIZEL, R E MR DR AR R — 57 H:
> (mkstr pi " pieces of " ’pi)
"3.141592653589793 pieces of PI"

£ mkstr FZERZ B KAV E T symb, KEAHIT , EPHARMIER T EEZ IS 12,
FHIR [ AFF5 (AN RS, W 2FTEE ) (EHAT BN RS T Irf 2 H0E A R PR . ER L
BAT SR 4T FFOR S RIS EL: 775 TR B0 R

> (symb ’ar "Madi" #\L #\L 0)
| ARMadiLLO |

symb BB mkstr, Tﬁﬁﬁﬁ?‘@lﬁﬁiéﬁ\iﬁ%{% ,%ETE@&??@%Z@?@ interno ﬁ/l\lzl%(% Lisp &

¢ LRRFSIIESS: B TR AR WERTCEE EE — T BV AR T AR R A7 S BB
LA RET TS
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TR BRI LIRS B TR R, L S A/ NG TR B S S X PR B R 745 B A HR e
AIIhe BTG ARRE AR LEAT B PR ER AR T B P A S 2 W) o AETRAAS X FE RS
I AZRTBAE P 25 S 2 2 8], A5 MU SICAL 0 S8 e 3L
> (let ((s (symb ’(a b))))

(and (eq s (A B)I) (eq s ’\(A\ B\))))
T

TR E reread, /& symb BB IRA . EHEZ — RIIN R, IREFTHIFEBZEAN]. ERL
% symb HEFEIR BI4F-5  (HHL AT LGR Bl HABERT read REIRIFIHI AT HLIR], SHCZAG B0 H, A 2 4
YRR — 050 X a:b FAAEEL (package) a FHIFFS b, TIAE M ATEHHIFF S latblo 2 XD
FEE P A R ECE I BB A 212 reread MIZEUR G Lisp I, B4 —DME IR

] 4.8 PRV A — R EUE LR R T 5 & BUE ST HY: explode $—MF5  S8FIR [l —4> % A
SRR TR A S

> (explode ’bomb)
(B OMB)

% TEEIR) , Common Lisp N2 871 MBHL WRRA L OO A BEALTRAF S ALy AR AT REAE R
FEIRBCRIT . BRI, 7T R 0, XS0 T B B 0, TR P G,
AT

48 FEM

WERARAEARS BT 7R S TR A 09198 T RE S 0 ARG b AR e MR ME 1 o IR L3 T R B AN
M Lisp B9 AR RESIB B3 46 1) Lispe 58 E AT RE— B TT AR AT 36 5 O3 & 418 —
AT B S T TR AR P I AEABAT T K V3 AT BB 58 4 TR I D E T R E SR G

SH NPT A X S R AL R P S T o A SR AR T (IR BB R A, A B
TEREFY . BHRRIE AT 20X KU PR AR 1, AN GTAEAR S 27 TURAR A7 ZE AR BLARA TR EER R Sl Y 43
J&o R £ind2 KERT, A ANFTRES AR UL, (M REAS 31X IRy Z B, USSP > S LR
FE o BN BRI A H £ind20 AR AIMAERT DN HIZEEEE find2 1 (2 SE AT L PEf# £ind-
books HIE X, IZEREAE Y T find2 FIAHB)EAIREAESFIRAE 7o P find2 AL £ind-
books HMfE. 73—yl AEIX BIRATHM T — X S TR, Sl TREWEEE M. fE5LbR
FRF B R TE ARG B0 PR 38MF £ind2, BEE NS AN HLE = 21 DU FPRr @ 8 R BIFE .

FITLA, 52 B IR lA] AR P i S e BB o o LRI I A BT BT o (B8 B9 A& )L U2 L B AR A
BATIX AR ERF IO P AR MR 2 .

TR AT 28 £ A S T B AR A ACRDAE T B8 32 1, A AT AR PT REAR AN A R B, A SRR A
LS TR BIH AR R AT 26T BRI LR IR T LR AR ISR K B R A e R S/ M ] 5o
25 NGRS XA A AR 2235, B DARGZAR IS . b= 250 A5 (T A AR e i3 R e, 45
K IMFE AR B A M5 ATt 0% o

FAEHAB UL 2] T HRI RTINS JihE BRI AT RERB A B /D (H R B ER SR 2,
KA IR LR e 2 AR 1 S/ NS A . KA B RRR P A RURE B S8 o DS IX P AR e AT RE R 22
A8 ) AN RAE XIS (3%, VR T A0 T 22 A TR BT

H—FENT RN %A B f S THE B i RS2 S — /N, ¥ s T H 435
FIRAS KA . — DS T HIEH 2/ DB W R =) A BT B/ NEF B, R — i TAEH
1R HITE, ATREIR A L EAEE T .

HRERIN, W LAZI 265 TUTIR RIS
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G
ot

B BE AR E{E

bR T Lisp “MEREUEASEUL I BIGEST, BIFRE T IRATEE T G A 8B o FRATXS R AL REA
HIR 2 | BB 7E 70 R X L AR T B o WUERBERE SL—Fi k&L, LE & 7 A 3 [T A _R 8, AR AT AR
FEICRARLE LAER B E 250 S TR T

XA TEBA ORI E A BRI EA T 2 8E UK, LEIR R B FRIE A &
AT HIA—LE 2 /DA Common Lisp HAEXFER . 7E55 15 B — B2 MAIX LB/ 2 Lo ANEE
I I A 2O S s AR 2R <« 7 AR TAERE FH BRI AR SE i X — it 2 0 E

5.1 Common Lisp BYiE L

Common Lisp AR T JLAH AP K% . remove-if Fl remove-if-not AL & iXHEM —XFo 1
4 pred s&— N ZEUNIRIE  AB 4

(remove-if-not #’pred lst)

HURN ) S5 A

(remove-if #’(lambda (x) (not (pred x))) 1lst)

A B A R ) AR R WY R SR, AT AR RS 5 — iR A S 2R RBOR . BEAA
WL, At 2 R A B A T AT e 2 Curn2 HLER A 1 — N B9 pR A, B O T R R L R A A
complement i % TMFIA p MFAZEL, EiRk B~ B AL, 1X A BR KU IR [B1ELE AN T RS 21 A3 [mHE A
o 4 p iR ELIR , EHIAD (complement) BEIRIAE , L2 AR9K . BRAEFATTHT AR

(remove-if-not #’pred lst)

el 2 S

(remove-if (complement #’pred) lst)

AT complement, HIZ A 143t Ff AL —if-not BRAL o ' H5L 1, Crre2 (391 TT) #2 2 AR L ek £
TEELVEINT o WRENTEFE Common Lisp HLHT, AR HE N T MBI 1

BT complement FRAEAFAUE VKL — 1 RI—Fiik [m] sRAL ) BRAL e IXAEAR B2 Scheme )15 H
HEE—#4> T Scheme /& Lisp R H 85— T REFC R AUE A 18132: 1162 (lexical closures) 35, 1M H.IE
SEIX Rk BB E IR BB 2SR K .

XA EHRAE AT AREAESIASE A Lisp HLAR A1 8% 1 T 1Y) B8 AR RE 7] I L2 B0 254 R 3 24
P LA
(defun joiner (obj)

(typecase obj

(cons  #’append)
(number #’+)))

T R — DX GRAE RS F RS EOA B 3R [ B B B X R g B K . it & FRATTAT
PAE SL—1 275 (polymorphic) HY join PREL, X eRECT LA T—HEF e H 55K .

'remove-if-not AJERIS1, Lk remove-if B H —LL,

41



42 % 5% HFAMEABREMA

(defun join (&rest args)
(apply (joiner (car args)) args))

SR, S REIR ] — A~ H H R SR B B BR B 2 — ol T AR, AP Tk i) (B eis
HATEF) BYRAEBIT IS R )4 joiner ATLAIR [P PRELZ — (HEX RS B 2a E /Y, T
FESR 12 DT, FAATIE T 55—~ PRI (8] s 25 B AL, & LAt T il iV

(defun make-adder (n)
#’ (lambda (x) (+ x n)))

VA make-adder J& , 2158 HIAL, HIBLAT ML WML A BRAEI 2 0HITTAE:

> (setq add3 (make-adder 3))
#<Interpreted-Function BF1356>
> (funcall add3 2)

5

FESRREAE T, AT PO N — AU HE B BB P — A4 T AR B TR GEf A P . (HELR:
SNASVE B XA BARHATAE 7o > WRIATE A complement /2/E 4G5 HY, tn] IERIER ]
WEW R A

(defun complement (fn)
#’ (lambda (&rest args) (not (apply fn args))))

complement J‘B@E"]@%ﬁfﬁfﬁTZﬁﬁﬁaﬁﬁ complement SREEFN E‘]?;ﬁfﬁ fno IHQ, complement AFIEMN
JUAE R B PR— IR E] TR S § T — KA, LE B IR AT pR AL

> (remove-if (complement #’oddp) ’(1 2 3 4 5 6))
(1 35)

FEFEAT I ER B A Z B RE A E A 3A R TR TTRENS 2 5 1R (1] 2R Y B AL, (675
AT AEXARES AR RIS 5 TORILA N SRR LA S TR T, EATAR L RER (2] R L
AT ZL o

5.2 IEX[E

—[TEXWEF LR 2 a7 200 80 A IRAERVER I LA &, S REIRTS 352K #Y R IA RE
J1o BERBUAGR AN 5], TR BRI AR ME N B2 IE3CH . complement HY T ZEL Mk 2E 1l —
[ NESEHEIERM. 7E complement HiFLZHT, Common Lisp A BN KL, U1 remove-if Fl remove-if-
not. subst-if # subst—if—not,%%o BEMNET Complement,ﬁimﬁj DA — 28005 1Y eR Bt 52 Al 4
HRHIEIRE

I, setf 253 5R T Lisp FYIESCHE . Lisp BYFIHIT 5 W2 FH RO Y R 8000 1) SE B S B A 5 i
HIZhRE. A PIRIE, X T IR PESEE (property-list) , At H]— 1~ BACSCE @ IE, M0 55— AR & @ 1
£ Common Lisp EE,WHR%E%, A geto %Tﬁﬂ)\*/l\ﬁﬁ,?ﬁmﬂ]ﬂ get M setf —[F{dH:

(setf (get ’ball ’color) ’red)

AT TC L Common Lisp 2875 BRS (&7, {H & A] LMELES% Ik 2 28 2 YRR, Bl X 1S
(BN FAR e P LAE L2 (AT LE B AT complement Ml setf HRFEHRS BN FRATH Helrix 1
H R 2055 SN AT —F0 77 Lk BRSO e V822 BT AR (destructive) HIMUAS: 15 remove-
if fll delete-if.reverse il nreverse-append fll nconco & X —RVEFF, 1L B IRl —A R EW BRI
RECAS., AR T AN B A P AR SR IR ) RS T

HESAAER S, M5 7T LS 1250, nake-adder I9AUHY A2 RMEVIARE A £ 1EH TAE. n M8 EHIRT BRAUE AP
S A IS BRSE , AL B A ARME X XA PR B AT A 2 1 o
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(defvar *!equivs* (make-hash-table))

(defun ! (fn)
(or (gethash fn *!equivs*) fn))

(defun def! (fn fn!)
(setf (gethash fn *!equivs*) fn!))

& 5.1: 32 IR R 40 1)

B 5.1 ARG SEIL T BIRE A RIARIC. 2 RIBIIATT & * equivs* T8RRI 21 O I AU BAIE
JEAS; v AR BT R BB RO B, def ! BOFTAIICE E AT Z BT 1 (IB0S) BYJRIAL, /25T Scheme
HI— i 4 > t. Scheme ', AHEIWEMIRIREA R H#E 2L 1o BUE, BAT—HELT

(def! #’remove-if #’delete-if)

AT LA

(delete-if #’oddp 1lst)

BUMARZ Bk

(funcall (! #’remove-if) #’oddp 1st)

RS Common Lisp A7 SS7FE I , RO 1 i~ L Y RAF A2, /2 1] Scheme W] 12 17

((! remove-if) oddp 1lst)

B T BESRE)IESSIE  V BRI R T — RN E AL . LR BEIEMWE T, A FRATRT AR
AT (1 #2foo) &5 foo X AIBINEMA . T34, b LB I PE B A AL ACRS B LA—> B 4 P %
AITERH I e IXAERYIFALLE T Y IRATAEER bug AIIE | JX L8177 B3 45 2 58 £ B E AL

H T BRSNS A BBV P A B L 28 W AR AB A THA . BTARE A E PR, R 1 & SUili— D 402
IR RS Bt n] LA B R A — M7 (read macro)o

53 igfEdZE
1 SR SR Rk T L3R T I 2 TR L XN St 32 sk R T

HURALL R EAT A LMEE AR BMEERZE A ROk, Z IR GRS &R e Se e e A~ A AIR I
HEAZLIATE L.

(defun memoize (fn)
(let ((cache (make-hash-table :test #’equal))))
#’ (lambda (&rest args)
(multiple-value-bind (val win) (gethash args cache)

(if win

val
(setf (gethash args cache)
(apply fn args))))))

K 5.2: e R SEH T A

B 5.2 iR 7 — s AL TRYICICIE S TR . RAIESS memoize — M ERAL, BALAEIR 1] — X
R ICACI A — BN i PA EEA Afk LAAE 2 R BTG A 35
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> (setq slowid (memoize #’(lambda (x) (sleep 5) x)))
#<Interpreted-Function C38346>

> (time (funcall slowid 1))

Elapsed Time = 5.15 seconds

1

> (time (funcall slowid 1))

Elapsed Time = 0.00 seconds

1

AT HAIACHI R, B R SR S A R A PR IR XAl R TR IO T AG I BT 4
FEABINTH AEE ATV BB LT BT 48 L 0 KAy BB TICAC AL RO A BE, AR 250 AT LA A
th “‘/‘ﬁm%/a\ﬁﬁ’]

ERERZEAEIHRL, IX T memoize LMD AW T (AEREALRIRE. EINAGZHTI
% equal A AREE Ry, X ZORATREXTARLEAT S P 2B RO T 74 1o T HX B B SUE H
TARLEIR [F] A A B AL, I IMTCIE PRAF 2 AE, S R E] T o

54 S8R

BB £ HIAMREE N ~ fo 5 5.0 T RIR TP AT U ~ 2 SO Lisp AU ATREME. 55— A4
B R A ST AR 0 TN £ R g RTINS IR A fog BRI IEH fog(z) = f(g(x))-
[FIRE , B P L 77 2%, H AT M o 4 S8 Lisp B3L

(defun compose (&rest fns)
(if fns
(let ((fn1l (car (last fns)))
(fns (butlast fns)))
#’ (lambda (&rest args)
(reduce #’funcall fns
:from-end t
:initial-value (apply fnl args))))
#’identity))

[’ 5.3: A RELHIRAERF

K53 X T 14N compose HIHREL, B2 LAY AL, IR IFIEMNNE G 25701

(compose #’list #’1+)

AR AN REL RSN T

#’ (lambda (x) (list (1+ x)))

Eﬁ%?fgéﬁ’composeffj@fiiﬁﬂﬁLJ‘ﬁﬁﬁkﬁéﬁfiﬁifé‘g/\é%éﬁ At g — RS HT UG Ah. B
AREFER R, AN XA BREESZAT 2 E R 280, f 2R R 2 4 T B ek A

> (funcall (compose #’1+ #’find-if) #’oddp ’(2 3 4))
4

T not /&> Lisp P&, TLA complement /&> compose HIH#l. B LUXHFEAE L

(defun complement (pred)
(compose #’not pred))

R S A BRI EHFAILE G — T R0, TANE W2 ER) T X HERRE
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45

(mapcar #’(lambda (x)
(if (slave x)
(owner x)
(employer x)))
people)

W] DAE SCERAERF A5 B B0k B Sh i ix ek . FHIE 5.4 i@ Y €1, FTEAEA] —FE AT LUAEX

PR

(mapcar (fif #’slave #’owner #’employer)
people)

(defun fif (if then &optional else)
#’ (lambda (x)
(if (funcall if x)
(funcall then x)
(if else (funcall else x)))))

(defun fint (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fint fns)))
#’ (lambda (x)
(and (funcall fn x) (funcall chain x))))))

(defun fun (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fun fns)))
#’ (lambda (x)
(or (funcall fn x) (funcall chain x))))))

P 5.4: B 2 [ SR EHIE SRR

A 5.3 e Hh A LRI R s o RO SR AR iy DL R SRR . AR 88 /A s R 50 O T T B AR TR T

#rH:
(find-if #’ (lambda (x)
(and (signed x) (sealed x) (delivered x)))
docs)
VENER — A2 HUL4 find-if WIEIRRACE SCT — A W =B R E M504R, X = M S e 4
AR ECE MM o fint I FBUE “function intersection” , f&5BIE , vT AFEACHS 5 X

(find-if (fint #’signed #’sealed #’delivered) docs)

i

A, BATEAT LAE LRI ERAERT  LLE R ] — HIBIR R E RIS, fun 5 fint 0L AILETE H

EI/‘]ZEIL: or ﬁ'ﬁjE and.

5.5 £ cdr L33

AT TR EOS T Lisp FRJ AR 2 B2, RIAT b 20— RS T AR B AR 74
SO B AL, AT TRENE PR I8 H R 40 /£ Common Lisp B XL i RIS HLEAH
SRo — HIATHMENZBINA, 0AT LA TR0 AT A PRI G A BEACHE— 28, 55 152 190 153 Tii&

I 2L P A Bl T PR AR 2% o
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USR] — AR P LU B, Sl — A, B ERE X IR 32 B e SRR B R S
£ Lisp /7 B, A T A8 H R INX A 2R LRI TE:
(defun our-length (1lst)
(if (null 1st)

0
(1+ (our-length (cdr 1st)))))

(defun our-every (fn 1lst)
(if (null 1st)
t
(and (funcall fn (car 1lst))
(our-every fn (cdr 1st)))))

XA RS540 _E A 2 e . BTG H M AE— D FIFRAY odr EARIRARAE g — 2B X0 [/ — 13
IEHCRAE, AR A R BRI, WIIR A1 T WD eR AT SR Bl —MREE M. IX A Lisp F2 7 H
B, 154 250 HRE Y BB AR R M e sl 5 XA ARG . SRS b FRATTAT EAAAGX A1)~ it
B EBCE, B A 240 — M 22 b B 5 2 1 7 SRR IR A B, R R e T > 15 s B 4K

ANEBELFE, IR RE— D AT BT 5 IR LR 4 Z AL M — 8B R L e
T A BRI TAE. [ 5.5 R ERE A4 T 1rec (“list recurser”), & A LA R ARLEAEF R EXTH cdr
HATIB A E R 8K 2 BT EL

(defun lrec (rec &optional base)
(labels ((self (1st)

(if (null 1st)

(if (functionp base)

(funcall base)

base)

(funcall rec (car 1lst)

#’ (lambda ()
(self (cdr 1st)))))))
#’self))

P 5.5: JHOKGE SLEEF1 3R 3285 U R RS oR 4R

lrec IS —NSHIUE — M D SE R EL, — DS EUEY RS0 car, B — 12 HE R
B, T XA pR AL, 338 A5 LA T AT 1rec, AT LA our-length 5 il

(lrec #’ (lambda (x f) (1+ (funcall £))) 0)

N TAREIFIRAHCE, RATATTE RO R P HITTR B 4, WAS g s 1k R4 x BIES R4
PG, TR AL £ AR o AT FRATFT LR I R HLE AT REMEA RE S our-every. 254K
Ui, FTLAM oddp:®

(1rec #’ (lambda (x f) (and (oddp x) (funcall £))) t)

£ 1rec M LA T 1abels A M — MRl IR IH R AL, AL selfo WIRZNATIEN, &
TP ZHER rec AL, I ZHUMNE B RTSIRT car, MI— D& H B IHFAH K HE L Ll our-every i
B, A RGBT and HRE. WA and M2 — P SHOR I AGREL AR AL 1L Her)idis , £ 5 4,
A BT AN RE A ML, T REAR PR AR XA REDATIR B (AR A R LAY 1) o
/T 1 Common Lisp S¢HLT, functionp FEREE] ¢ fil nid S AL, (ERCASCHL T, BT Mish 31
{FRE A BHAE: Lrec AR LR I T1F.
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; copy-list
(lrec #’ (lambda (x f) (cons x (funcall £))))

; remove—duplicates
(1rec #’(lambda (x f) (adjoin x (funcall £))))

; find-if, for some function fn
(lrec #’ (lambda (x f) (if (fn x) x (funcall f))))

; some, for some function fn
(1rec #’(lambda (x f) (or (fn x) (funcall f))))

5.6: H 1rec 2E Y pREL

K 5.6 B L8] 1rec &£ X/ Common Lisp FIN KA. * 1 1rec & LHYRREL, HACRIHA—E
SR HE L 1rec M B AT BEE LAY H B JH pREUAE it BT R SE IR AL B s 2 5
BHA ST I T | IX LR Ras ol & AERE e I R A ROA LG A, B AR AR 2L i
AR KR HTT -

56 HEFHI LRI

FE Lisp F2J7 BLEA 73 40—l F A8 VTR 2 RIE 7B BT 5. SAR0T A 60 ik 8136, 1 LA
G368 5 [ 5 H) car R edr Z I, X TR A IR T o

e@@

(a) (a b) (b) (a b c) (c) (a b (c d))

B 5.7: lZIFETR HIf

Lisp M5IZ62— M mERMBHREE . APIRUL, SIRRER R IPH, 566, Wi, 204l, AN . HATA
JURAN R BT 3R IR FR o S5 ) — Pl RAESI G 1 — 3R, — 3O 9 227 car, 47 1A 1
S odro (SEBR b IXAEAESIRITNIBLI. ) B 5.7 A=A, S AR R T HIR BT #RR
Hf o TR W I (A DA T AR I A N 81 2 Y i X SR R A IR 1 265 5T T T 2 RE
R Ty PR AR IR ) T 2544

(a. (b . (c . nil)))
(a. (. ((c . (@.nil)) . nil)))

(a b c)
(a b (c d)

RPN RETT LA il — M X B [RIFERY, Common Lisp HLARAT H & — L8 O 19 B 4L, EATTZ 18] DX

e EEH IR BN IX SR AL, RS SEAE #print-circlex IXELK to
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Y copy-list fl copy-tree M B X IRl A HIAIZR UAE—A 7 FIR AL TR, R0 a2 51 % & A
THIRAIEDL, I AT IIRANE NP R TCER , A2 i H:
> (setq x ’(a b)
listx (list x 1))
((AB) D

> (eq x (car (copy-list listx)))
T

HZ AT, copy-tree SALHIZE A AFE DL, RIHE 7HIZMA 744, Bt LA 75158 th —HE A fil:

> (eq x (car (copy-tree listx)))
NIL

FATATLLE O L—> copy-tree, UL T I HAAD:

(defun our-copy-tree (tree)
(if (atom tree)
tree
(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

ATLAE Y, B AE SR — PP BRI R . (B ok, AL R B RSB A H R, XN T kXA
AR EH R L. ) AAEA NPT, EREMB ST H — 0 Bt i g
(defun count-leaves (tree)
(if (atom tree)
1
(1+ (count-leaves (car tree))

(or (if (cdr tree) (count-leaves (cdr tree)))

1IN
— IR BRI TS 2 T M BRI R A SR SR R R AU

> (count-leaves ’((a b (c d)) (e) £))
10

A Bt BT KRR IR I VR AT DA R B A S #00 B — 5T RO, (@ b (¢ d))
(e) £) FAWUN nil AAEFIFRF R PREARENY (FEEXAHEIEA —1), LA count-1eaves MR [FIME & 10.

e b FRATE ST U FR R ER B S T Helniit, flatten (55 32 1) 52— iRt IFiR
Bl — N ESAEW LA IR PR FIEE . HaE DL, ARARIEE flatten — MREFIFE  VRITIS 2] 1R ] 51 Z2 0
BTN SR TE A A, AN B T s AN ARR 2 Ab, e B FEIE A WL T

> (flatten ’((a b (c d)) (e) £ )))
(ALBCDEF)

XA R AT MG T AR RE S R A RAIR):

(defun flatten (tree)
(if (atom tree)
(mklist tree)
(nconc (flatten (car tree))
(if (cdr tree) (flatten (cdr tree))))))

o, & F rfind-if, ¥ & find-if M IMA. rfind-if AMUBEFELNERFZE L HXw
th—FFiE H:

(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)
(or (rfind-if fn (car tree))
(if (cdr tree) (rfind-if fn (cdr tree))))))
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MYk find-if BN HTERE) (02 REH TRE5H A I T — AL B U R 745 1, B 1
A TRE e AT rfind-1if EEE 7RI, KR 7 80T LA AE NS — 1 28U AR R E U
FEJRF L
> (rfind-if (fint #’numberp #’oddp) ’(2 (3 4) 5))
3

copy-tree,count-leaves,flatten fl rfind-if XU EREIIE A TEIRMNBLA L. bR L EAT4R
A2 A U R ECA AR XA D 2 B O R AT A R A R . I Z BTN AF edr b3 H A —
B, AT B laiX A S RLERER TC [ 3 B AE ARG 24 v, MR, FRATTEE S — D R KR A X UL R AR 5
il

B E RS LEIRATEI I — NI LL k4, $H MRLe i o 2 N8 T . MARAR _EoKK, our-
copy—tree»f?ﬁﬁﬁ*ﬁ%ﬂ?:

L EAREEILT , MACE BB iR [ (R o]
2. (RSB JARIIS G , BRECS 2271 (car) BB IHES RIS T3 (cdr) (Y8 IHE5 R cons

I, AT 8 T LA ] — A I 2 F3E R 4L, KRR our-copy-tree:
(ttrav #’cons #’identity)

5l 5.8 12 ttrav (“tree traverser”) H)—Fh LBl R HAIENL N, AL ARIAE —ME, TR,
— X FR, — DR AT TR e WISR base SR BREL, AR 234 YT 45 BAEASEUE L E . 1E
XL B FE A T8 R VE I | REAE B0 AR BB AR nd 1, A AR S5 F 1 33 U4 rp ) A i (B A AT
RE A REME, RN FSFHERARE,

1 ttrav FIFBY N, AT LA HHE LB rfind-if 2 ANETTAHR B A A BRE. GXLLRBER 5.9
FILAFRE o ) BEAE X rfind-1f , 20 S HH AR 28 i VA 4580 BR B A s, I h BRI BS AR i R LE TR A9
TR 8 FH & AR AL, PR R 4R S8 H o RAHE— DR EUE L, terav IS — S8 XD RN
SRR A @A . X T IEE G, BATSSR B — DR e A e, a0 817
FORFERAE . IR SR TT LAGR 5 AR LERE o s 8 U e R 5o DT BRI T

(defun ttrav (rec &optional (base #’identity))
(labels ((self (tree)
(if (atom tree)

(if (functionp base)
(funcall base tree)
base)

(funcall rec (self (car tree))

(if (cdr tree)
(self (cdr tree)))))))
#’self))

A 5.8: N AE LidEAT i AR RIS Y PR AL

H ttrav SEHAY RR AU 5 2 0 PR o IXFEMON TR count-leaves B flatten XL RREE
BOA R, EATAE R 2 et o SR1, FRATH 2 rfind-if —RIE Fr & p TRl 1his .
XA R EOA L 25 B8 1Y trec KA, WK 5100 trec B NS HUY M2 — P HA =S80 S
B, =AZHGRE: BETAS R, LA IH 5 S 808 2 RR IR X 2RI e 7 i
HEI AL [ trec TATATLAXFEE L flatten:

(trec #’(lambda (o 1 r) (nconc (funcall 1) (funcall r)))

IAE, FATFFERT AT rfind-1if 5 B0XFE CFIEIEITH T oddp):

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’ (lambda (tree) (and (oddp tree) tree)))
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; our—copy-tree
(ttrav #’cons)

; count-leaves
(ttrav #’(lambda (1 r) (+ 1 (or r 1))) 1)

; flatten
(ttrav #’nconc #’mklist)

K 5.9: /| ttrav /N REL

(defun trec (rec &optional (base #’identiy))
(labels
((self (tree)
(if (atom tree)
(if (functionp base)
(funcall base tree)

base)
(funcall rec tree
#’ (lambda ()
(self (car tree)))
#’ (lambda ()

(if (cdr tree)
(self (cdr tree))))))))
#7self))

B 5.10: FERS_EREATEE IR F T B AY R AL

5.7 {AIRTHIE R

TRANSE QSR R A R AL, T HE sharp-quoted [ lambda #iA =R KR BREL S AR IS TILERR P i — 2848
B TAE . BIA sharp-quoted ) A=k 2 A& — ik, (ER NI AE & BR £ I HDIG S AR 1B TN SR A 4
RARFER LA BT ATIZ W, FTREAE A AT B3R A, 2/ A IR IR ATAT LAESE AT
SRR XA R A Gl ] #. R sharp-dot 328U, FATAT AL BRECAE S HUY (read-time) BB 41T
K. 1% compose FI'E HIZEUAE T IHIFRIA KB IUN C AW E LT AR AFRNTAT LUX RS 28510

(find-if #.(compose #’oddp #’truncate) lst)

IXFEMMH 3 , reader 22X compose HY I FHHEATSRAR, SRAEAS 2 A4 B8 AU B AN 1 B AR AR FRAT TR A AL 2
o M T oddp I truncate WEARE N & BKAL, FIT AESEERUN X compose FEA Tl (B ] AR A A /2 % 42 1]
TR, 498 AT AR I compose H O EAINEL T o

— R E , 2R SE R EUE &8 &1 LAERELE AR g — 4 &, AR 8RR s . X
— RN R AU A B Bl 44 25 (A ) Common Lisp KU UL AN fEN2E T = RIMER ARG RATS AR
5 15 TEHOHE I, PR E0X 5 b E AR 2 8 KoK, AN R 2 BRI BEAR £ 57 BT 40 e
SRS N U o S O



G
(0)]
ot

WK, AR R F 4. AT LA SR AR e, A S 2R & B2 TR G5 T
BRI BRI o FE Lisp B, FAH 2 EMAQIENRIE A EHE R, BRI E ] R EEE , ik
PR BRI ERE I B WPRLE A2 R E B L BT R ES ], 43K
T TR AT LAGI R & B X 8 R [R]I dbosk T SR S5 A AN 7 B 3R W R Ao

HIFERZ T ek 2154 A URIER AR S S R = i _ERAERST . E A
RIFRIANAME H S EARE TR AT G, A ] REFF 2 BN IUHE , BRSO FR Fe o

6.1 M

WA = BVRE - B2 shASHY I RIS T HBA TR LA A 6 A 2 sL . AR A A )R
HPRSHIBIAEX G M 2 85 WREAEAT AT — RS T 2 B0 MM A RIS . 20U, Bl
R LB 26 B 1Y E0m RA E. AEAEA HRRES I FR, B sEs I M. Wim, — 3R
WA 2% 1Y B A B R RE RIS R 1 0 8 a6 it B A B LA T L7 (P B9 g diliied, JRATA RE
A L 2 BRI A Y o

FEARTTRIT 5 B BN T2 70500 1 e I 45 B9 J5 1% BB SA% AL e 0, HIAET €
SUREEAMR, T 5 Z 50 B AR Iy 4o 535 A8 N — T BATR 2 M — G — B I R AR R A i
HIIRERIREFE o

> (run-node ’people)
Is the person a man?
>> yes

Is he living?

>> no

Was he American?

>> yes

Is he on a coin?

>> yes

Is the coin a penny?
>> yes

LINCOLN

& 6.1: —%% twenty questions JiF %

TN TREERE— s A B VD90 - — 1 BEIZ1T twenty questions * HIFEFF . FRATHYMZAG 22—
BRXB o AR AR 71T R S — R AR S EARARR XA (R A [0 | 3l D i A e A e 1 el
AT P B T T M RS S A ITE RVIR EME. Y Py RS B Y RO iy
%ﬁ%ﬁ%ﬁ%ﬁﬁﬁﬁﬁ%ﬁ@@ﬁﬁoW@aﬁﬁiﬂﬁﬁﬁﬁ*%me@mmmMﬁ¥o

MR I EE T, v BB S8 8 SRR R R R R e WAV IZESXILEER: &
FEe 7Y AR B3 ARAR [AE AR A, i 45 AN I, B A AT 2 [ R 3O 5 25 28X B B A5

YA TE (twenty questions B 244 E SMIRGRAT Y FALE T H |, R A TR RER EESLEM .

i

ft

=]
=

=]
rE

51
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(defstruct node contents yes no)
(defvar *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *nodesx*)
(make-node :contents conts
1yes yes
:no no)))

P 6.2: T RSN TR O E L

KFER) . B 6.2 BE ST —/ME BB IERNEIRS . Rt B AR &L LB B b i 2 Al s/ ME .
contents 7Bt EL 2 MBI 2 2R B WARIZ T s AT 15 5, AP A yes Fll no FBEE& 5 IRIRATS
T L 2 S I 25 8] 5 R T A7 1, RATH AR AE X — A, RO S B R 2 . 2R
[ *nodes* +&— MM AER T, NS AT AHIZFHRETIT R HJ5,defnode 23T 5 (W
T BT L), A EARAFE] +nodes* o A T IXEEJEAPRL FRATHUAT LUE SIS — T s T

(defnode ’people "Is the person a man?"
’male ’female)

M 6.3 AR B IR RS FRATIEAT 6.1 R B — 43K

(defnode ’people "Is the person a man?" ’male ’female)
(defnode ’male "Is he living?" ’liveman ’deadman)
(defnode ’deadman "Was he American?" ’us ’them)
(defnode ’us "Is he on a coin?" ’coin ’cidence)
(defnode ’coin "Is the coin a penny?" ’penny ’coins)

(defnode ’penny ’lincoln)

B 6.3: VEONREB Y R 2%

(defun run-node (name)
(let ((n (gethash name *nodes*)))
(cond ((node-yes n)
(format t "~A~%>> " (node-contents n))
(case (read)
(yes (run-node (node-yes n)))
(t (run-node (node-no n)))))
(t (node-contents n)))))

P 6.4: IR [ WA 45 FT BRI K

BUAE, BATEMARZ S — D RE PR A WA A BREL T IX A BRI ARNZ T FVHS R, IR & ST 7R
MBS M &0 BB 7/ run-node, M 6.4 Fl7re 25 H— 4475 BATHURYE A4 7 H B L 19715
AASRAZ T RO RI7 71 53, S contents VEJRIAEFT BT A #% MUE AR, BATTARERINE P 45 T REAY &
Rz —akEm . AR AU A, run-node 22 BRI contents. fHHIIE] 6.3 HE SLATIMIZE  1X
AR REA KA 6.1 H YR HUE B



6.3 )G 0GR 4 53

6.2 ZRIFFHIM L

FE =7, B T — DR RRE Y, VP AT —FhE S #RE S X PRI RE o A9, 31X 1
AR T & LR E s — e, (ARt b 3ROTRT LHERE T BT S A 7 — 28,

(defun *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *name¥)
(if yes
#’ (lambda ()
(format t "~A~%>> " conts)
(case (read)
(yes (funcall (gethash yes *nodesx*)))
(t  (funcall (gethash no *nodes*)))))
#’ (lambda () conts))))

6.5: i Bl A BT 2 W 45

4 6.5 WL IR EBRA TR ML TR A T 2R T AR FEIX B AT R SO — 45
4, AT A B A BRI RIOR e P 3K 7 i TR T R A o JROR PR A AE RS i 27 FR O B
FER S T A E B SEE T . A LEISIT run-node |, C CARSTE 717 A H & B, 2H 3
AR, FNTEH funcall — RS HIARTY R8AT 1

(funcall (gethash ’people *nodes*))
Is the person a man
>>

WX — g IH R, 1 RN USSR B RO RS2+ T .

e B A RO N A AL (Y 75 20, 31145 LAY twenty questions W% 58 45 A0 i AURS (MIE&) . 1E
WPATETR 20, B P AEBAT I 4% A TR BT R A SRIMT, R BAT W5 W 5 A2 1a 1T A I
BN 2 BEHE SC, AR AT LA k20 LR m e A B T80T — il F AR BR AL, 1T/ 6 P 30 P e 7 36
g

Wk 6.6 PR, TR P AU . BULE, *nodex MIETTRIUUK T — 1013 G LART—HFE, BrA 5~
W2 defnode i SLHY, NI E U H A2 A R A L. E5E LI T A YT 2 5, FATH0H A compile-
net KR PMEHIZ IR WS o IX A PRARE T T A, — B AT, BB AT i AR A R R R
R[N g2 AR [T P H AR R RO R 7 a0 (SRR R 2, AU 28 e T 427 2 S /MNE
[ compile-net I HIRIEIN , E 45 Hi 19 bR ALK Fn— 3T BUARER 2 [ 2% o

> (setq n (compile-net ’people))
#<Compiled-Function BF3C06>

> (funcall n)

Is the person a man?

>>

TEEF, compile-net PEATHIAMIFA PR E Lo H T MIFH) S L, AR SRR R T AR
Bt WP compile-net H S 4 IE , IE M2 IR M 4iiF G W R . (W 17 1))

FEGRIELF 2% 2 )5 , Hi defnode MIIEAYSIZRAIH] 1o WRDIMTSIZ SHR P (VAR (U045 *nodes*
BOA nil), SRR & ECE -

R AR PBUERR T I AR — TS5, X BT XTI B R S E A R AT


binghe
删划线

binghe
替换文本
*nodes*
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(defvar *nodes* nil)

(defun defnode (&rest args)
(push args *nodes*)
args)

(defun compile-net (root)
(let ((node (assoc root *nodesx)))
(if (null node)
nil
(let ((conts (second node))
(yes (third node))
(no (fourth node)))
(if yes
(let ((yes-fn (compile-net yes))
(no-fn (compile-net no)))
#’ (lambda ()
(format t "~A~%>> " conts)
(funcall (if (eq (read) ’yes)
yes-fn
no-fn))))
#’ (lambda () conts))))))

P 6.6: (IS 51T S 0 A

6.3 RBE

BV K28 HI R A RE T 18 T s i il A L T SO S e PRALVE B X &R A R A 4
I —FERE AR RIS A B I o IXREMTT 2 — LER ST B 2 Y S 7 5 (EUR A D [ 4 Y 2 B il e, B
NCHERI R o

RAEM SRR KA B F AT A A E— R T e AR IR 2 “HiF” 195 /b Tk
o M H AT 2 RAER R SE TR TR, RIS TELRT R 24 2 XA B B e k. 2 T
BEHORZ G, 5 23 A 24 TR AR ERAIURIRE X2 46 2 i X 5L A A 5955
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Lisp 1, 73 9 45 VR L6 R RE 1 A2 #5089 07 200 SCBRAE R 25 5 SUAE AR i B, 52 RE A2 A Lisp AURD B bR
M— T REERFRRE T . X /IS5 AT ERAY AT RENE , Rt R ME LATIUR O XU . 55 7-10
T IREN M A . AR AN AR, N 9 B R ENTRIEOR SR G A — S8 XAk Hh A
A R

70 BT ITIER

M T FATRT LA A 245 208 BYIR [BME, R AN TR B R AE il 25 SCA IR EUE
SCHACA, T ELAST™ b 358, 3 AATFRN B REC 1 do HSLHE— 17 (HANRAE M E I TN —k, Bt
S AR Z N 2N E LR ) TAE T XESRAR, FF H R A BB AR, DL EREA R A2 AT
CATHI RS . — DR R R A Ak ik X —— Y EHORIER , A&7 445

BT, mIFH I EREEHER DO 7 BXENEES D% il , EBELSREN nil.
il (i1t x) Ml (setq x nil) AYRCR—HF. FRANISERGX T IRER T2 4 nidt S SRR, LR B KA AT
— M R SL A AR — FIE A L
> (defmacro nil! (var)

(list ’setq var nil))
NIL!

FPGBREIRB)E  IX 8 UM 24 T4 % Lisp: “Toifuf iy, HEERZITEU (nil! var) HIFREE, FERIEZHT,
IHEAEHA L (setq var nil) EX. ”

R B A AR T 2RI B SR M2 — IR PRI A — D ICR 2 A AR 434
EZPHH (nilt x) HIAZ] toplevel HIIRE A& £ T 142 Lisp He A0 nilt & DEWAT, )G

1. $5HR B E N BORIIEFRIE A, 535
2. FEVA FZE T SRAEIZERE .

1A KB I — SRR BT (macroexpansion). Lisp &4k nilt BYE L, HE SR T a0k
Z AR DR R E R FRE . FIREC R nily A9 U 2 T 20 RS B &k XS5
Lo BRREI—A =TI RIE X =A TR SR setqu ENSEULH A ZZM AN HKIER, LA nile FEAR
BIH nil! MSEUE x, 2B (setq x nil)o

TR JG 28— . RAK (evaluation). Lisp *KIHZ @I (setq x nil) ML GEIRIEA G 1
HRILH 4o SRAEFFAEAE RUAR AEAERITZ )5 , AN AE toplevel "N HURAAZIX IR — & AR EUE L
B 2 AR R R 2] T, (BRI 2 —— B U 8™ A B AR —— 2255 S R RO R T IR A 235K
i

TSR % ) R ISR AB G 2L, VRaB B AR 25 0 B e, B A IR 2 L REEE SR . 4 9m5 2SI 22
THAE MR E A AR 25 R OT I EA T B, T MRS A SRAE I EA T 1Y 03 IX MR E RS RABOAA o
JEIFABRAL B ) 2 2R 0A TSR AE A BRAL B A 2 AT AR

AL IR nily B OLEEE 4% nilt RIRIFILEEH T — F N E 1Y special form, H1E
P ERREITAT RS2 — N EWH  iir G2 —BEE - BNERP ek, EXMER T, 2RI

55



M

56 7%

SYRBHAMZZ R W HBIRAG — MNBOA R REA . X PR U R R RITRAE, — BRI R4
Ko

E A2 S MR T R U 22 8 Lisp ZEIS SRR . TEGRIE Lisp SCHFI , ABAT #5 S5 1 U
AR SRR HA ke i e o X A KA B TF28 AT 2 B HH H Lisp #3569 5 R Ak 1L i 1]
5, BATTAT LA AL T A AT i A1 20 138 5t 2 TR P TRDIRAS AR P o A RS BRI , IX LA W] LATEFIrAS
Bl —NERJRIF B ZA0AT Lisp R ER R, ARG F58 b 20 0 AN SR Lisp BRAL— AR
FEAR (IR R AL AR nidt AE SRS UEIAM 77— 1ist, (BHALZ Bl ES KA T REF R AR
JEH T

AREIUCE GG E RN R P, EAZEF R TRV RMEHITES . Jr ARRA TR LU = HnE
st , U AS A 7 A0 R UK EA IS -

7.2 5| H (backquote)

5251 H (backquote) /251 I (quote) HURFHIMAS , & AT LAFH R G Lisp A AR . S5 ] i WY
Wiz —rE AR08 L

FBIRIFHE < 1344 B JRIRLR e R 515 < ML ORI AR B, 4 it s s R N3
KSACHTER AR, ERIAT RIS 5 —FE:

“(abc)FMT @b o).

HAAFERGIHAE S «,”, AN comma-at «, 0 — [ HELI AR 5A M. IR 51 a7 — 8t
B, A AAE S AE S A B T slote — NS5 FIEREEAN TH HOTR G T E A , JHH —IK 1isto
WA,

“(a b c) HEMT (List ’a ’b ’¢).

FERCS BRI 125 25K Lisp: ‘1851 R o 2125 HBIESIFITR BT IR, & AR 24 T H
51, 1k Lisp BB IC AL AR E . LA

‘“(a ,bc ,d)EMT (List ’a b ’c d).

AN B R TR B A 255 o, UM 2 W2 B E. TRESERENRENZNRAEZIE, BEM
IR,

> (setqa1lb2c 3)

3

> ‘(a ,b c)

(A 20)

> ‘“(a (,b c))

(A (2 C))

ME eI LB AR B sl 5 A 733

> ‘(ab,c C,(+abc)) (+ab)’c’((a’b))
(AB3 (°8) (+ AB) °C (1 2))

—ME SRR RS I RIRCR, B UE SRR BN S I IEEE . an RIS A H IR
SHISNZ  BE HEE OIS AR FAXHSNR IR AN THZARERT @ B TR HES . BIFE < (,a
(b o) H ERJE T E ST E SNSRIl AT AR e E SR
HIE S B R n+ 1D RES Al R, di A2 S5 ARE AR 5 5 | Y F0A =Ry M
A EGE S B, gl LR E M G I HAE S AR — kR A toplevel T #PH#E

AR



7.2 B3] A (backquote) 57

» X ‘(a ,,b c) ‘(a ,(d ,c) d) ‘G,
B RS H RALEZE N ZBEATRES . 56 16 T F 8.

S5 | R RGN A 56 o YA S5 | A= i 31 6 R v LA 1ist RIS Y 5] AR S i
51 B34 PR AT B B T IA AT e, R4 5 | FH B ZRIB AR e84 A2 i A AR L. 7R
B —EER nidr E K-

(defmacro nil! (var)
(list ’setq var nil))
E SR XA 22T LUE Sk

(defmacro nil! (var)
‘(setq ,var nil))

FEARG A S5 R ZRIEA T AR . A, BEE 728 SCIREERY 3N, &5 | b & 385 @ E 2.
B 7.1 6% TP nif ATREIYRE S, XA ZESEIL T = BUA A& MRk, 2

(EIEEVEE1 A EE

(defmacro nif (expr pos zero neg)
“(case (truncate (signum ,expr))
(1 ,pos)
(0 ,zero)
(-1 ,neg)))

AMER S

(defmacro nif (expr pos zero neg)
(list ’case
(list ’truncate (list ’signum expr))
(1ist 1 pos)
(list O zero)
(1ist -1 neg)))

B 7.1 — R B 5 T B2 S

B, B BB ABORERET . NE SRR M AUF Y IE L BN E RIES =N
NEHH I RORE:

> (mapcar #’(lambda (x)
(nif x ’p ’z ’n))
’(0 2.5 -8))
(Z PN)

B 7.1 H B E U E ST A — AR AR AT (R ARSI, M e & i =R A 14st 2K
HIEEREITA. U (if x °p ’z ’n) WP, NS E LPRA S EER ok X ik e Tk
(case (truncate (signum x))

1 ’p
(0 ’z)
(-1 ’n))

IRIAR AN 7558 SCAR BB RN 2R I 5 RIS 2 o SRR BRRAN 8 S5 | 9 58 — U AR ANS
ANE N B il T S I R

S A DU TR A (vector) , AT IX A HIEAR A8 255 SCH
XA Y E S SN F AR 32 N T BT gensymo (E4] 102 DU EA— N IELFATE L.




M

58 7%

comma-at, Bl ©,@”, 28 5 A , BAT HFESHL AHE — AFH : comma-at ANMEIES-IREAUAE
FIR A AESE A B FAE R ALE | TR E R bt it 2o BREEIX MR TT DX R EE AR « PR30 AR R ) 25
AR R R INERTE T
> (setq b ’(1 2 3))
(123)
> ‘(a ,b c)
(A (123)0C

> ‘(a ,0@b c)
(A123C0C)

ESRHANIER A 2 3) #iHAZ o IIERI AL E, 1 comma-at FEA R PRI TR A AR HE . XF
T comma-at El/‘]ﬁﬁﬁﬁ ,iﬁ%ﬁl@%ﬂ:

1. A TR ESHOT DWHEEE  comma-at W70 H ILAE 741 (sequence) *HHo JEAN ¢, @b AT AR EE IR,
RN TCAL AT o PR T PR

2. BFHTPHERI RAUE AP  BRARE B E . KA < (a ,01) KHORMEK @ . 1),
ARG T (atom) PHESIZIRATHRIAGE, BIA0 < (2,01 b) KTk,

comma-at — RIAFESLZ A ELESH 2 B, SR X SR 25 AR AN E SO 2 HU R
B B X R 2 A TSI R (block)s Common Lisp $2 46 J LRG0 4 2IH i #4F
7, £14% block- tagbody, LA progn. iXSE#AERFR /DB # H ILAETRACAS B S AT — A 2 1L #E K —
A L T )G -

P B IRAEAR T — i A Rk AR N B 22 . B 1et 1 cond HEA R progn f77E.
EFPEFAE A AL B f R — 1 AT REZESE when [ :

(when (eligible obj)
(do-this)
(do-that)
obj)
R (eligible obj) IR, AR A HARHIFRIAF G SHORE, H HEA when KX R FIH P &HRF—1
FIAXME. FHEZE—MEH comma-at 786, E /2 when W—F AT HEMY LI :
(defmacro our-when (test &body body)
‘(if ,test
(progn
,@body)))
X E SE T —1> &body ZEL (B grest LIREMIR], FUAA SN 4G H B IHBEAN R — 1) SRz AT A2 £t
I ZHL, ARG —1 comma-at #4 B IHFEEE]—1 progn AU . 7E LA A 22 U, 22900 AR 5L
T =D RIB A AR progn H:
(if (eligible obj)
(progn (do-this)

(do-that)
obj))

AT EIE AL B L) 2R 2R e A .
comma-at I UR AT DAASH B 5 | B it 32155 < (a ,@b o) #if (cons ’a (append b (list ’c)))
o Z LA E comma-at, FUEA T MOBEX P B A 2 A ik i ek 2w s
TRESL (B E AL BRI LU R List KA, B G | -TRI Rbii a] LA TX—1E
SN R, ] defmacro MG HE LI Z AEIE LA defun & LAYBRECEEF ML HECARBX
FAAPE RS, B3| R RELE 28 SLBRAY 5 155 o 75 (5 Bl 138 o
3EHTE T (sequence) /& Common Lisp #RHEE SUITEHEZERY & WIS T- 28853 B BIEE (list) AL (vector)o
HFEETE T (atom) /2 Common Lisp FRIEE BHRZRIY | FrA A 25N Lisp M RHEIR T, 6HE M & (vector) FEN o




7.3 SR AL 59

W RS 2 A 28 L R AMTA IR DN S5 2 defmacro HI—7B5r. KT /51 H
AR e — R EHC RSS2 A H OB XA E SCH YA ETE K. ARAT AT 75 2444
AR S

(defun greet (name)
‘(hello ,name))

73 EXEHRHE

FEGRFRATIT, St ity 2 20 75 208 R R 1R S SE R0 EIYFRAR T LARSJS FFt. PRI EE A
AR LSz B IGIR 'S 21 TT B e BARIZ TR B9 1E TS R 28 | (EAEX Y FE A Z0RT LA BE A4 3 5
Mo RRART S 31k 7, il AR A )

T2 M LR & — UM S H Common Lisp N B%{ member 22TV . member 644 /1 eql
KAWEEM G5 WRIRAEZH] eq RFIWESEN , IR AR S BUXFE:

(member x choices :test #’eq)

AR H XA ABFRA T RES TS — 1 member AR 1L B B2 eqo ALERIHIN Lisp
AR — D B, T memq :

(memq x choices)

T % memq FESCHWEK (inline) BREL, [HR T 28411 FA &1k e A2 H L.

W : (memq x choices)

JEJT: (member x choices :test #'eq)
Kl 7.2: HT5 memq HIE 7R

FEWTT : MPRIRELE SLIXA 22 B — R IF i . Bt e BEAR L AE TS _LEMiZETT
B ERIA . B 7.2 g5 H TN IR A e B 2 A iE HARIX A RS AL RIS A2
Ban o XM FHAMADLES TN TGS AMNIES BB obj Fl 1st:
(defmacro memq (obj 1lst)
AR Z JTE NP FRER . X T 22 AP D28 | — R 2t e el I A EiE
ke B 72 AWK TS, AT EHZH SR EREE NSRRI 1A E] k.
IAE UGB FIA M B e Y B — 55 MR EA R ZW A R LS 0 —8 5 it e e
FENH . A BEERGIHESA— "1 ARS . T REAENENELEL

1 WPRBA Ll B 25 AR IR AR B A S 5 K.
2. WERAFAE— Z B R R I S 2 e 32 AR B R 2 A R A R B AR5 5 Rk, i

B MES.
H TS —1ICEK member 1A ER:, I LAFRATHEFAE(E A member :

(defmacro memq (obj 1lst)
¢ (member

A, x EA— AR MIERE RIS — L2, I RN R R h S — 28— S

(defmacro memq (obj 1lst)
¢ (member ,obj
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60

(while hungry
(stare-intently)
(meow)
(rub-against-legs))

(do O
((not hungry))
(stare-intently)
(meow)
(rub-against-legs))

K 7.3: HT5 while AR

LAZ s 2NARSEBEA T, B0 52 I A 22 SV -
(defmacro memq (obj 1lst)
¢ (member ,obj ,lst :test #’eq))

B HATCALE, TATE A, R2HABOREE EEN . BUERBIRNHITREE 1 wvhile 2, BH%
= EMERIA AN — AR SRS TR T AR BB S RiA=UR I . [ 7.3 A — MR
f) while JEIARNH o

B X 27, FRATTFERT AT AT IME S . FARTIH—#E, %65 — D EHAE N ER. K5,
C OB ISR RIE 2 AR H o AR REER AR S D 2RI, LA grest B &body W SAF4E

(defmacro while (test &body body)

U A2 M B S  H AR T, I BRI B — 4 2t 250/ F RS e e T2 B o B i
Ko JRINT, BURFEE]— D RIVTE 2 T HENT2H arest B &body SEZ ML | sl EAHLEAT4 il —2H AL
IR — R EORIEEEANZHUTS. 7.3 5 T BRI ER.

N 7 E R % 2 BB BEERIA R FERTTIZS HH A AR 2 Ah  BAT DA B I b — %%

3. WRAE— RBRJT A ik R 2 B — RIVE 2 Z AR R B 2L XS B Y &rest
B gbody LZiC TR, ZERTIHIN | comma-at.
THREZE LI ZE R -
(defmacro while (test &body body)
“(do O

((not ,test))
,@body))

SIS AT FOR R, BT S B GIT R AR M e X BRI Y 2 2 50 AR R
# body B, SAF1E body HHHEIEREIT AT, FHEEREUT

MARZEFBRGXATT %, FATRES H R A AR —— X BB E S A B B MO . (HAEZ A LA
R Z . 8 7.7 BHEA M7 X5 Toik I Ay S5 B3, 7 BN T A BURIT,
Bl O T B IR L ERRE Y

74 MR ZERBH

G 75 AV E LML EYE? B memq IXFERYZ, BEEBOA R H, JIHAER B ARG RESFiH H
FroaJT e 425 25 H R 28R 250, AT IMER A E N RIT 2 e 2 15 IR -

B 7.4 451 7 — A7 E AR AE R HRIT Rk W B K%L macroexpand HIZEUEIHRIA
A, BRI FRE AR I T 8RS 45 macroexpand, SRR 1 7230 AL SR AE 2 B e 24 Ji&



7.5 IREW i 61

> (defmacro while (test &body body)
“(do O
((not ,test))
,@body))
WHILE

> (pprint (macroexpand ’(while (able) (laugh))))

(BLOCK NIL
(LET NIL
(TAGBODY
#:G61
(IF (NOT (ABLE)) (RETURN NIL))
(LAUGH)
(GO #:G61))))
T
> (pprint (macroexpand-1 ’(while (able) (laugh))))

(DO NIL
((NOT (ABLE)))
(LAUGH))
T

K 7.4: — N EFRE R RS

FERIRET  (ER BRI 2 B I3 A& S AR BIBR R I E B R = AR 220t T ot 2 | A i
et 2 — T BT ASE 2 R I 5 19 22 I AN T B Y o

MIE 7.4 25 HIEE — D RIS RMER H while 2R A1ERI KA B 12 do #JEIF T, HE
HIAIY prog ZAMWEIT 7o TATFHE—FI7E:, Wl BREE D Rt — BRI RIS R Xte N E R
% macroexpand-1 W H 1Y, IEANEE — M+ Ao stE RS 152145 RAB R 2 228 FH  macroexpand-1
s A — k2 R UE T

(defmacro mac (expr)
‘(pprint (macroexpand-1 ’,expr)))

M 7.5: T R 2%

AR AR 2 T T USSR 26080, X &1k MR L
(pprint (macroexpand-1 ’(or x y)))
B 7.5 ST —FTHI R Bk IRATA — A R AT
(mac (or x y))

A1t R B B R T RS AT, R AE B X T 2R U RO B ATe AN i T2 W A T W
DS, BT LV E A AL T RES R AR — N EAT AN IE R RZ B afr A0 & & i Tt
RESR A SRR T o At A — BB, T U RS 1Y, il MRAEDS & HEA T SRAB LA L (R FT 7
AR B B B R REFR B B — LA i, R RS B AT DU il =, HE B R G
F toplevel P45 B | 5 ARG R S Bt evalo FEEINEN TR LI macroexpand-1 i&[H]
s B R REN B eval:
> (setq exp (macroexpand-1 ’(memq ’a ’(a b ¢))))

(MEMBER (QUOTE A) (QUOTE (A B C)) :TEST (FUNCTION EQ))

> (eval exp)
(A BC)



3

62 F7%

M

e, I A FUR I YA B FBL, g — b U g 5 725 19 75 e. Common Lisp A7 —
HAWEZ, W — 28O S A BB R XA BRI IERAR A R GE T E 12 SRS HIRAT.

75 SHGIRAIE

fi##4) (destructuring) /2 HIAEALBE PR FH o B9 — FHIBCAE R VRS AU B e AARIRE LR sRA T 2
w7

(defun foo (x y z)
(+xy 2)

90 F % R AL
(foo 1 2 3)

PR S 2 S RS AL B R B R R B LS R ALY 2 1 e x,2 R4S v , 3 R4 zo AR
AR (x y 2) BIETERL, B4 (destructuring) AR & T AL BB R 7 X, AT B REF TS —
T3 R G R T IRAE

Common Lisp [1J destructuring-bind % (crrr2 #f) #52 — PULECH — I SRE B LR LS,
PAR = FIB AR SR IFAESRAE R IA A P B 2 B8 2151 R AR M TR |
> (destructuring-bind (x (y) . z) ’(a (b) c d)

(list x y 2))
(A B (C D)

XA RPN B PR BRAE R A T 26 18 EERY LR

TERSHN e LA T IRt & FT BERY . Common Lisp 1) defmacro 7% A VFAE RS R EEHINE NS EH
Foo MM MIAURITES, 2508 H A A 25000 22 LAZREL destructuring-bind A5 AUHIRAA 275 92 4L
L. WEM dolist ZMAI 1IXFSHBIFRNIMATA . FE—MRIXHERY T 2 -

(dolist (x ’(a b ¢))
(print x))

JEIT R B x /12 (a b o) MENHE—DSEE I BB K X MESS T LA 45 dolist
&Y ZHIRRA T ©

(defmacro our-dolist ((var list &optional result) &body body)
¢ (progn
(mapc #’(lambda (,var) ,@body)
,1list)
(let ((,var nil))
,result)))

{E Common Lisp 1, 251Ul dolist XA A 258 # 2 8 G AE — D2 L W, 5 & A8 T 21Kk
T dolist #52— M AIER) result 24, it LLE TCIE A #L AU0 & S8 55— &R 43 80— ok i 41l
Fo HPMFXNZRIVFIRSEEIEIRE , EWr LAE dolist WHIE S T, BOXIKANTEEE L—
% when-bind, EHJUIREM when A% BRIV SNE IR RESRE — LA ft B F0A 0 [ 9 L. X
MNERIFRSEBMNE T RES B MIRERN S HEE:
(defmacro when-bind ((var expr) &body body)

‘(let ((,var ,expr))

(when ,var
,@body)))

* fp b e RS DE  TTE do ARFERYIRIERF o SR AL, LS EAUM It — FRAE A s =X, A RIS R AR A 5

CA A RMARRT A B ERSERTATH . WU B, BOA (A0 LA IR TR R T R MR setq XAERY T
SRUAS ] — R R U7 0K S LLUB e (] gensym, X MRIERFLUG 2N 4.




7.7 B TAEHE X, 63

SRJE IR A -

(when-bind (input (get-user-input))
(process input))

AN A A A -

(let ((input (get-user-input)))
(when input
(process input)))

AR, 2 500 SR H BOAR AT LU SR S g by B A . ot i, T LU AE I A when-bind
M dolist XHFAYZ B BTS2 ST 2 BISLE  Fl— 3Rk Uk

76 BHETIEERN

KT BHTMT 47 B ARG R B E2 TAC, XA ARSI, A SRR Pt
IR R AL A . 15— T defmacro B/EREE LAY, BT H 7 sURITAL BT H & A5
s,

(defmacro our-expander (name) ‘(get ,name ’expander))

(defmacro our-defmacro (name parms &body body)
(let ((g (gensym)))
> (progn
(setf (our-expander ’,name)
#’ (lambda (,g)
(block ,name
(destructuring-bind ,parms (cdr ,g)
,@body))))
> ,name)))

(defun our-macroexpand-1 (expr)
(if (and (consp expr) (our-expander (car expr)))
(funcall (our-expander (car expr)) expr)
expr))

& 7.6: — defmacro HIH.fH

TE Lisp XM BB S T HRC A AR 1962 S IR Lisp 1.5 Programmer’s Manual |5t o

ERPLEH T — 1 H Lisp 51 eval BREHIE XNENZS% . HT defmacro H EHLE 7, T AFRATAT LUK
B, i 7.6 Frose XA E SCEAE T T URR AT AR A HIEOR BT DA L8352 ] BB AT SR Ja Rl i
SRS

Kl 7.6 WY E U Y R EL T 22 AT 0 BT B — Bl AR T2 3%, BARBIE M
AP gwhole KA. T H , HIER] defmacro N EH —1Z4H) macro-function fRATHIE— M AAZS
B R, AR N R AR S MR A I A IRE IR . IRl R S B A s B e
Mo BUAARLAN AR 1 7.6 APESEINRY , A6 SEBR Al F 22 I AR BN R filan 73X St
AR E LN R IR BT

Kl 7.6 HIE SCE T A I R BUE M5 5 I B A-RIE e TRIG AT oy — DA 22E L
HIAEAR] H HAF5 M IZ IR ] defmacro A B TR LAY AE o T LA R AR &I THY :
(let ((op ’setq))

(defmacro our-setq (var val)
(list op var val)))



M

64 7%

IR crTi2 R A ). HTE crril B, 27 B a2 AR 25 1 VE IR B e L7 i AFE — 262
f) Common Lisp SEILH | IX1> our-setq HIE S AL IEH TAE.

77 EABRFNZE

TRRESFFA— ARG AL . AR R AL, B — D RE ARl n — ke 24
BRECRT LA 1ist A REER (B Rt ) LU A — B A0 AU R 7Rk 21X H A

B73WEN T M MEREE ST R ENEX —BOR AT UG B HE AR b E R I
WY 2B AR B Rl ANSE AR, FUA s o] B A 5 A BB AR X — 4 AF o BRAEAS R 20— L2 9 41
TAEERAPRE R NERZ doo B do SHRANF A ZAES B EHHEY — T2 AT RER . fEfRITE
R, AL ZNTRAIIE H — A 7500 FH A A H IR 1Y 2 2 ik 5o

KTGE 2, A4 S8 A5 2  So VBRI A 2 MR 20 3, PSR — T 8 W% SR Tl A
B, R S HREIE AT & LU B A A ATLLE T TRIT— 07, AT AR SN —FhE AL 3
F MR A T A 40 IWSEBIHA , ARE AT LAK B Ao 25 1 2 R 7 B A
2 TAES

(do ((w 3)
(x 1 (1+ x))
(y 2 (1+ y))
(z))
((> x 10) (princ z) y)
(princ x)
(princ y))

I ZAEIT AN B

(prog ((w 3) (x 1) (y 2) (z nil))
foo
(if ¢ x 10)
(return (progn (princ z) y)))
(princ x)
(princ y)
(psetq x (1+ x) y (1+ y))
(go fo0))

K 7.7: do HYTIUMI STt R

Kl 7.7 BIR T do HY— DM, AR B RIZ R TF U Rk e T LHEFT RITA B T HS VRO F 22 TAE
JTAHAHR B, 2105 5 R IT U RS AE ] psetq K EFT R ER A It (R A T LE I RIT
AL YA E M2 BIIE— o

W E 7% psetq (K “parallel setq” M%) 16474 _EF setq FHEL, AR Z AAE T AEAMAE ] IR A #E
ZHT, BITA R GBRE) SEERPORE. MR E B setq, M HAEW AT AP AL 25, A8 4
FERAE B VIS I, 55— DS BB ER 2 7T LAY .
> (let ((a 1))

(setq a 2 b a)

(1ist a b))
2 2)

X EER B a, ITPA b (52 T ERHHE, B 2. M psetq B, BIZEi A5 2 800 B # A E 2T
TH—H:
PRI KB SEFRA R 1 32 LA 274 TURITERE
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> (let ((a 1))
(psetq 2 2 b a)
(list a b))

(2 1)

FIRLGX LS o AR A2 a BORAIE. X1 psetq Z 2l 8 SCRrRMIU do X AR TR MY, Ja 38 i 2T
THIAT AT — L2 HOHA TR (R A2 setq, MFE psetq, AR A& E L HPRATAE do
A& dox T o )

S RIT, T LAE 53—, AT REEL AT foo MAFIRIMRAEM M . 2242 do 7 L AYTRER
PRAESE foo WE? 45 9 TGS HARMR XA [l ; 2 T AL, REAEZ R IT T, M gensym AEI— 1% 1]
M55 ARG foo #RIXMFSHAT T o

(defmacro our-do (bindforms (test &rest result) &body body)
(let ((label (gensym)))

‘(prog , (make-initforms bindforms)
,label
(if ,test

(return (progn ,Qresult)))

,@body
(psetq ,@(make-stepforms bindforms))
(go ,label))))

(defun make-initforms (bindforms)
(mapcar #’(lambda (b)
(if (comnsp b)
(list (car b) (cadr b))
(list b nil)))
bindforms))

(defun make-stepforms (bindforms)
(mapcan #’(lambda (b)
(if (and (consp b) (third b))
(l1ist (car b) (third b))
nil))
bindforms))

[ 7.8: L do

NT G H do, FAHE TR & T EMLEA 4, A REIEIA 7.7 FRISE — D FB AL RS 1 =
SRR AL B LARTARRE | FURIE R B S BORAE R S5 | PSR TS S AL AN AT RERY 1, A3 8
B2k BIRERIFIAH prog iz & — D HAF S B ATRIRI ISP E 4 B 51 3%, X Le(5 B FRZM L
25 do WIEE “ASHUEYFR K. B 7.8 KA make-initforms R BIXFER]— M FI5E. FRATIETHZE
N psetq Wit —MSEFIFK AP PR ILE L 28 ORI A A S8 28 3. /21 7.8 1,
make—stepforms*é?ﬁiﬁ]psetq%%%gaqggéﬁo ¢§j7iiﬁﬁ4\éﬁﬁﬁ,fﬁ)lE@ii@f%ﬁﬁf?ﬁﬁ%ﬂﬂﬁi%gj’o

K 7.8 ARG I AN ST 4242 do AE R IEM S LAY 5 ¥k 1 S8l A8 25 JR T i A vh g i 3 8
make-initforms?ﬂlmake—stepformsIH§§}E§EH5E,ﬁRﬂﬂj7Eé5§BgEﬁ%ﬁo TN X FE A ARG <> BE AR
defmacro KA H .

XA E S FADTT IR SEEE BIRENY 1o R AR IEFRIE N, AT LME ] Lisp FrA R ZIRE. 1
PR A RTS8 Bl LU — MR



i
N

o
M

66

78 EMXI&

XFF R, RTINS G B AR o KU BE AR IAE B2 A A 1 I, AR BAE Lisp SRABACAG Y
e ZZHIBIN SR BERREAAR A LR R A T RAET -

A E LA RPN AR AR, 000 R TR B e R A R R TT, LU T KR A, B
IR S RIS . 405 XSS B e R T A A AL T8 T ) i XU SRR P T
I E R PSRRI s (0 B 7 TR PR AR B - JR Tt Al B LA P S5 A T Bl v 352, i Jre T
AR XS R A EER B 2

R UG R T BOACRS B R i BB A S 7 AR B2 E AT 7. s RIT &
AR B AL, th A & MR AR A 1 RR RS — 28 (B R PP T R RCR AR . T2
MR EIT IR S s TAE AN — 090, IRLE R] DL a8 R T B 2508 o AN S e g 13 B 2R W Y
25t FrEARSHI g, R Al AR Ay I Y, R EHR S — MR A PR RIS, 4 5 22 T Al T LA
1o AAREITEACAIM T LRI TAREEE M T RZ cons, ARSLREERRNE 2 VR I [ i A1 A BAC it
FEFF A H AR BT A RAEFRIT G AR B, A T 3R A B 3 2 R — e, Rl el 2 SR 3 1
Ho 75 LT O PREIUE SCRERE LABE 352, IRDA 2208 SCELAS A RNk AR A4, B TR AEA R RIS 25K
{Ho AR AT LA T a AR R 1220 S 5 A IS S R B AT

(defmacro our-and (&rest args)
(case (length args)
(0 t)
(1 (car args))
(t ‘(if ,(car args)
(our-and ,@(cdr args))))))

(defmacro our-andb (&rest args)
(if (null args)
t
(labels ((expander (rest)
(if (cdr rest)
“(if ,(car rest)
, (expander (cdr rest)))
(car rest))))
(expander args))))

Kl 7.9: IS5 T and 1977

ZENT AR FRA TR — MUY and & 7. BT (and a b c) EMT (if a (if b ),
BATATLUMEIE 7.9 IS —A 8 LHBKE, ] if SRSEIE ando MRAEFRATIEHIE WAL 47 , our-and 5143
FEARGE . B BRI a ARS8 R T ELAE A U I B 75 B B m] — DRI R S5 4k cdr O
o WX A A BEAEE A THISRAE, S U5 our-andb ARFEE SUX 2, B A AT 2 a8 ik
BT AR IR BARANIL VBN — 2258 R, our-and RIMESEAR LUt &/ 0t 152, RAERR#E
VA Llength, iIXHER RES HURRRE  (EE HAME Y ZH L7 A Iy Mt i B 7 H R T 20 and 932
FEAREE 2 R R ROC R

JUEHEE BN 7E Lisp B, SR EHARLEF AN X 4002 AN, At DAMEAR (08T L A R0 0] ) A i A
M. FERLEREP B RIEIt SIS T . WIRIRERE — R, B R H 2 AR A I
H e ZZR X TR, A8 24— VIl As 1 JR T4 ARRS O T IR T, 1 R I =R R di i . 1R
B AR 00 RIS A i S 15 R T BB . U It 3B & AT AR 2 BUR TS (a) R &
MR B T H. (b) MANS IR 2 —— 4 a) 3G, AR R AT e T L SR TR 28—

X R ARG R UL, RS o 322 SR T 2okt , RS A 5 A K BN A NS RIRE,
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T AN BEIX A AR ) AT BB SR AP o I P A58 FH Y goto A& & T2 BLAT LA T —Ifi, 45 32 18 IR Y
setqtﬁfqui$ﬁﬁﬁT§ﬁ§§Eﬂéo

ZE R m R A R 4P R = OR A B Y gotoo A ATy B P ALK S5 AR AL A 15 5 A Bk Fe 1
A —— TR X LE B g 4 2 1l Ik Bl G2 A 4 ) 25 A B e AR B o 7E Lisp B, goto Z T LA Z T
e, H SR KN AR G 8 B K AR AT LA do, T HE AR A do ATH IEFTLIH O E —4. RIAE,
WERARFTEAE goto HIEEA EAELFTHIR | goto —EAFAE T HELEH 7o PRI, ALY 258 P 8T go A
WAAE AT BN RE I 2R S o

FAHh , AHEFE (L setq MIEE R : BLRFRATRMES R — 5 e A i IR RS ARG . BARIX
P BT R R 2 2038 R IT SIS I AR RARZ | BT LA 2 R TT 3 LA 1 1 ] setq HUIAIRIUAN K o
WRIRE R LN BRI RITL RS BRI E setqo

LG E T, R A TG S E 2, WURIRA RS — D E AW 22 R AT RE e e b 215 ]
BEMEFA, BRI B FERRR 2R VA — 5 RIS U
T3 TF, A LA, A SRR A ) 7 A8 1 T MER B SR IT =X, B 20X R s A 2 B B AR R VR A TR B & — Y8
Ao SUE WL, BB I AR B AT A T EESR, BRI ROZ AL — Lo BE T K2 Hi TR
TR A G EL o RT3 R SR JE it i B PR S [R] < 2% ) s e AN AT DA

ZolH T EEE RS T H X e T RS I ER P IR AT . QAR 6 A 2 o 222
TAR . — 7%, BINE L2/ B2 T0E ARRTEAT AN E I HEETT 2 5, fTRES iR T
FAE 2 R o XRERY 2245 2 B9 B Y L R BRI B P RS R B BT 22 A% o Al /2 SEE 8 conso
— ST E R T AL EEH] cons, AR & B — D A S IR T o

R SR FF AR ) 53— R R C AR A S A i — D RIS AL IR A IR A

FE S, BB MR RIX — S e 2RI T o RIS ARBCERAE 22 8 B AT REFF /N 1T
WL A s T B B ISR B A A A

H
Vi

79 EHIKIRR

WRAREE LT — e 8L, WA BRI R Ees B3 H BRI . 8 I X U Z R BT A — &
JRAZ T o 4 R ER AR , BRRUE SO R 2 e 2 i B Y T e PRI AR M s B i LA
HE BN R R AAT AWE 2 TR Bl 89 208 F B TS vl -, e DABR KR 9 e P A TT i B o 3 BRI
FT oG AR S 2 R R 89 58 XL
> (defmacro mac (x) ‘(1+ ,x))

MAC

> (setq fn (compile nil ’(lambda (y) (mac y))))
#<Compiled-Function BF7E7E>

> (defmacro mac (x) ‘(+ ,x 100))

MAC

> (funcall fn 1)
2

UNSRAETE SR Z 0, s E 2% 1 72 O FACHS 2 A AR B T crre2 iXAREER 7 56 S
IHEH B A Z Wi a A 17 o 25 SEBDN I SOX RN B9 SR 2% BN o SEIZEY R, IX W 2K [l
HRRETRA D) M o U SR AET A T TP S5 PRI AKGZEAS 2 R St ey Bl AN A A Y 75 58 SCITTALL -

1. AR R Z R0, S E LE
2. — HEGE M AUE T PR B (B0 5 R 4%) P A E R s AL (BUR) -

AL N BCK AR PP P A A 2 e — I PR A ST B AR PRI E SR Sed i o X AR miid >k
T o FATEBABAEAL while I 2L M STHF B RNIE AN IG A0E 28 Y S TR AR R MR
HANE I, A ENEREOE A
® I UK (inline) A9BSR A, EATRIZE RO E LR B HIZY A
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68 7%

HAEZ IR T AR PP IR R e i 5 1Y, AR, R o2 I R FH 6 T T AR B — 2. A
SLORUEARR 22 1 8 SCHR BT A ST U A 00, VRO RE PPl ] LA TS R M 2 3o (IR B AT
B LB T B R B AR XA 2 AR IFAL , A L ARA AR B LA 152

710 RERHBHE

AR B A PR B A R 2 B T o PR B AL R 22 B SR — 2B 2 (R AR B O 2 A5 EL Y 75 20X A fil.
METE R EEASRE THEHE R A0S B K inline (5 17 T1) 152

WL RR AN sR B A N 7227 IX A [ A HE H) . JRNIF RS 2R B O
HIE R AL, A B BT % XA I A ) —— X Fh g R B 72— M &2 /b & 2L Al (HIX
/AT DI BRI L o RIS RECZ [FE R — DRBE N T THRENZmAM AR &5, Lisp 2
J B3 WS A S 5 A PR RSO R 7

BRI AN, R 7 TRE P IR T 12 BRI ) — S8 o B O A Y — 2R RO 1 LR A

1. HeREUR G — 3Rk

2. HZH5R L2 H 4 H

3. ANEVEEMDEAR i (SERIN) o

4, AR (BASE T HE B H B R ) -

5. TS RAUR B IR

6. WH— IS, CEMESTERSEFIR AT 75— SR I mrkk 2

7. TCH WA .

B R E X LERLE , B /& Common Lisp A B K4 second, second iR A1 51 148 — 4~ TT %K.
ERTLE SRR :
(defun second (x) (cadr x))
W, AT WS R IR B BT S DRI AT LAAZ 1T 2 28 HB AR B AL i SR 1 25 8 o HEE— A 5|
F AR BB BT, FEIE S e R IS0 36 RS R0 T R D5 B T
(defmacro second (x) ‘(cadr ,x))
Eﬁﬁﬁ,ii4\2§ﬂ12<5215551§$ﬁEﬂ%%#??iﬁﬁﬁfﬁlﬁﬁfﬁo @5Z<ﬁﬁffﬁ3applyﬁﬁ%§ funcallEW§€‘44\é§§Q,ﬁﬁfi
@Q@ZU%FHEﬁéﬁﬁﬁﬂiﬁéﬁﬁiiﬁi%ﬁﬁﬁiﬁo ZifI,XﬁﬂiggﬂEEQVﬂﬁﬁﬂﬁfﬁ,second.ifﬂzﬁiﬁﬁﬂiff second.@ﬁ%ﬁﬁ@iﬂ
1Eo

i 7 BRI B ERIB A IE — A B N BOR A INAR a8 | KNy 7 b 0 J I i B Y 2Rk = T A
TCIE R A 1, RLZI N _E— progn. PK%L noisy-second:

(defun noisy-second (x)
(princ "Someone is taking a cadr!")
(cadr x))

A DRE RT LAY T A9 23R 52 Al

(defmacro noisy-second (x)

¢ (progn
(princ "Someone is taking a cadr!")
(cadr ,x)))

TSR R B REWE L 551 2 YRR BN B A arest 5 gbody 4L, IR A TEHLE —FERY, Bk T 2401
ACPRA FTAA XA RE FURAEE STRAERTI , 12 LB S BPHER 1 1ist WM R Rt/ AE
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(defun sum (&rest args)
(apply #°+ args))

WA T

(defmacro sum (&rest args)
‘(apply #’+ (list ,@args)))

ATt BT Z5 A0 RS 2 B 2

(defmacro sum (&rest args)
‘(+ ,Gargs))

BIAT 3 TCIR L , RITE R SR O 1 3T Bl 1l N2 5 B BRI — T o XA REAEZ AT
FKERPTARFSRTRGE S 1 BN ATV HEE SIEARLES | H] 7 2 S i, 1E:
(defun foo (x y z)

(list x (et ((x y))
(1list x 2))))

WGP x BUSEBIRBAIRINZ A xo B8 A SEBIMRAUA SRR, 11055 =525 F AT f et HESZATHT
Akt FrURAR T EBIA SHIES:
(defmacro foo (x y z)

‘(list ,x (et ((x ,y))
(list x ,2))))

A TCRA RS 4,5 T 6 WRREHLREREAL N 75 . AT X 2eid U AR UG YT B g . B
58 10.4 T ps BB IS | HEAY R TS 10.1 T9A0 10.2 TR 2 0 nI R 2 SR AR SRIENUF A — 2
1A B o

BFHAM 7, AN @I IRH NS AR AT LA, B2 24 TUHEREIRIBH R AN
TR I A LEHT IR A T TIEIRAGVE XA, IR ST TR s 20 1k

711 5% (symbol-macro)

Crri2 24 Common Lisp 51 A T —Fp#i 22 BIfF5-%% (symbol-macro). 18 [ 72218 F 7 e SR 1745 R 4L
P T 5 T TRk
5 7 L BEAE SR P E Lo symbol-macrolet HY special form A AAEHARP ik— MRS AF5 11T M5
BUFIZRIA AL -
> (Symbol—macrolet ((hi (progn (print "HOWdy")
1))
(+ hi 2))

"Howdy"
3

symbol-macrolet Eﬁi EP Eﬁ%ﬁﬁﬁ*fﬁ EJ/J ET{&, %Z%?M%*ﬁ‘iﬁéﬂz%m hi Z‘EZ%%‘B%E%?%EE
T (progn (print "Howdy") 1)

MERR_ LY, RS 2T S B R . AERA SRR, i ioh 1 B 7 LS« A,
XIFARR BT 22— To b . EAMES 15 % (58 139 T0) FIEE 18 & (58 159 T) #BHZI T, M HAELUE Y
Bl H [ AEA T R o
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G
oo
ot

TR E A &

FRATARA RITE — 45 5E 9 BRBUR A7 FL R MOZ R PR, AR WE 2 2250, AR 5 10 Il REAE WA
THOUT R B 2R WP IE DU R B SRR O0 T, FATIZ M s, R Oh 0 SR eR SO RE g 2 (], 1T 4 22 1]
LR SRR PR AN . AT 5 AT A REA R A 0 RO S AR B A (B AT

BT, EREAIRAT ARSI ? X R AT R M. W H XA LI, e — M. K
2RI T LRI B BB TC 5 ke 28 8.1 T8I 7 HARE I ZOR SR UM R RT . R
W, A — /N (BARAEERY) TG DT P Z T8), 3 E TR, A I ERAERT S DL R 08 2 (B
WE AR WTRXFMEDL, 88 8.2 W TR TREMNIERWIT S . &5, X055 T ZNENE,
AL 8.3 T HLEL — MRS R AT T4 42

8.1 HATciiERT

PEF R B9 — a8 SR - 24 R R AR e P B LA R B 1 AR BL A ARRS IS R 3% 5 —A>7- 401
P2 R AR LA T8 A 40 O IX S T EIRE R A o A R A S FH 2 Lisp #2777 b i i g iX
A TRIRE” B IZ%oE REOE 27

A, AT MR G B00E N4 T — D A R, N AR A RE R TR — DR 1+ IXFERT K%L
SCVFRE T LA 1R A W] AT il 7 -
(defun 1+ (x) (+ 1 x))

(defmacro 1+ (x) ‘(+ 1 ,x))
(EESREEE 7.3 191 while, W H REMEAE SUBZ :
(defmacro while (test &body body)
“(do O
((not ,test))
,@body))
o R BOR EIX A AT Ao while HE LEPHHE T —MEN body LA do M TR IR, B
A test RILATR M nil A BRI B BRET MSEDNX — 50 2ROV EREOH 5L, e i 240
FERRET T 6 2 B S BRAE
MURFFEE R W ARE S TR Ve 2 A W R AT MR 1 - 2] PR (BB 1) X2
FRAE, 7 H BT AURIFEA S T8 7 /) B R 30 s AR RS M HAR S S 2 IR & 1t
H a4
“FEARHSEHATRAE XA AR E R B BEARMER . ER BB N %2, “Z5hE e R Z AT 2
BRI B TSHAEZR R E , BATAT ABRIE—IX, 20 BB R AR . 2 B IX Fhds
1l 2 HEARIAE DY A5 T
1. £#, Common Lisp ) setf ZZHb 2 IX K22 ) — 51, B ATAE SRAA BT #6 £ X% B 2 80™ e
o WEIIA KEL (access function) 1 &RA — DX W I 35 , AR FH & %1207 (7] bR £ AT 2R B
FIXTRIRE.  car WERME 2 rplaca, X T cdr K& rplacd, 555, A 1 setf, FA1HE Al LA
R I B 37 (7] bR A I FH 2 S (. (setf (car x) a) BL2& D7, X DFREA T LURTF
% (progn (rplaca x ’a) ’a).

71



72 #8%F ATaERE

N THZFERIROR  sett WAHER T ENE — DS WIRZAIE LRI 2T F) rplaca,
setf MFHEECHE MBS EEENLL car TFIHMIFRIENX . XFEATIE, setf LAMCHAE NS HA#R
VERF , LA 200 5 A o

2. GRR, RS AE IR T BRI B B, BT setq HYER — NS EURAKMEN, BrLL, BT e
£ setq Z EHUEERIAR PUHRMAUE JRIT 2 setq HIZ, NGB ERIBREL XTT let IXAFRIERIE
PRI, B SLZEN 1ambda AL S I, ARl do XA RITE] 1et HYZ L2
R, S o AR, LB B T 2HIIAEINE A8 4 Bl S R -

3. FtRAL. MBI A SEER SR E . 1R vhen IXFEAZEHY R FA 1A 22— LE 2B (U E AR E 5
NABRAE FUA I ZE A AT RESAR X R RIEE

4. 3 E R, KBTS BB BORAE, T ESRAE AT RBCH IE S — ko FRATHE 2K E X
18 do IXFERIEEHY X HE T, U] LAXTREE NS 802 R (-

WA UM T AT AR 27 AR B R R TT A R B 05 o X TG — i, 23 T e R IR T =it &
B2V TR R TRIE BRI 2 rf RN T 81 =0 A AR X N sk, BT

5. FURGER 7 e, 23R R RIT AT LS AT PR A A it AR R 985 ok B 2T BRSO T
[ClhESth/+

(defmacro foo (x)
“(+ ,x ¥))

BT £oo MR IR y ISR ETTANIA] o

TR A 0 B 22 MR A 2 A A el TR R Z . — BRI B IX AR A A A0 >
o BB BN T EMFEFEH 5 — DA sETT 2t R md eS8, F5%E,
w22 FH 28 F 7 BREE R 0 /D, BRI, a0 R 0 T OX R B s I8/ Ot 2 A+ 207 HE T TR
e (WA 9 B) YA BT a %, LA SHELIE (continuation—passing) 7 (55 20 #2) Fl aTn %
VA (O 23 ) B30 LR 2CR 1 FH T RS

6. WEHI I, AT LUE S HUE— D5 1R 30 T HOR . A F) 152 let, BRI LA
il 1ambda SN Z B (L 97 T o £ (let ((y 2)) (+ x y)) XFEMFGEA Ly Kid51H
—ASH AR .

7. B RFOR A, ZRITE, BN EHAEARIT IR . IX D3 1958 =25 502 22 8 AR R %
Ja AR A BUNMT . B TisiT, ZRHE A T ER RIS GX DU T A
A% inline HRREH—HERT . )

TREAE, R TENZ G 5 1 6 K AR AR il BRI, 3] RER 2 I 4 5 2 T AT P S A7 B
T KR — o AL 9 EIFIE.

HHUA BRI Z 85 S A A 7S AR AU T A Common Lisp 4 a4 #i 2 i
¥ inline 7 WY, it LAY/ R SOM P Y KRR B BT AR o XA S BRAB M 57 B A o 25
HJE AL,

82 HLEHEHE?
b T B B 2R, —ANRVEAE (AR SBOu RAE BT R F AXAN ERAE

R INAZE R, O Toftd e A2, WARABRAERF TP TP 5 R RE SE B, A% S 2/ WE 2 ELUnii A
7 avg, BIRIFIZHHETFHE. B R LUE SURREL
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(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

BB R SO AN -

(defmacro avg (&rest args)
“(/ (+ ,Gargs) ,(length args)))

AR avg B RRERAET | #R 2 TE B T — K lengtho FEZmiFEHITRATAIBEANIE AR 2L 204K
HE (B EIRHE S E A, BT IR H 1ength SRl 243 ATH IR IXFE YRR, 7] LIS BT 1)
JUA:

al

L iEMH . RHASEAPIRS 5IHE, 40002 2RI A e, LOS RIT sSCBR R I — Bk
P4 as, Lisp Be /7 BT AT WO Tt 58 B 1, PR 2 1 1 b AT — Ui B A B AR P AE s T HY
eI T — AR IR S BRAERTRS , AT LI EAE 2 RIT BB Bt e il — > TAE, IR A48 E
GRS R T B e R, R AR IR B e AT T OS8R AR, B EUs H REftlix Lo =f
TR HIM. 55 13 ALK avg I, XL REAE 2 RIT R B 2 il —#B50 TAE

2. Fo Lisp 895 Mo A, AR R AT LA AR FP AT Lisp S8 B 555 o Ml — MR SE WA T 35,
LGRS — R, YRl U Z A AL e 75— Lisp CAMIE R RIME R PR 40
ROTAT BT I R AT LAGERE AR A BN S R A /N TADA Lisp 057 17— #B 2> TAE,
SR RO R O 7 b 2% Lisp RETIE W L PR P T R 2 B9t X — L3R 2 At 2 Bk
AGEF B MINTEE 19 a2 miL AL GEE.

3. kR HOR A, ZZMMAEE IR T BRI A i DA, A0 AR R AR e BYE E
BB 280 AT AR AE A FH 8 I 50 25— IR R AGA o AE Lisp B RADT 5, )7 RAE B ZZ 101X 18
PELEIBATHAE S RO A« TTAE Common Lisp B, iX 2350 1Z% A B inline 28I BRI T
T

I R ECT WK inline , RESRAXA R EOHG 22— ¢, EHgm i E 0 T T AOAHS . AN, BEAECRD

IS A BB s cure2 (229 TU) i “Oiddn i LABE b Z200% 1207 B9 | 1 H 5228 Common Lisp 21

M S R TX AR

TERLEAE LT RO A AR Lisp 2 [A] 285 48 i RO ZH & A 50T LASe o0 ik Se A FH 2 R ik . 78565 19
A Gy B, 0T DA B 4m 10T A T S Y R IX A AT B R R R AR N B B
K7 RUERERRYE X — B F LR P A Lisp AE1SF UL AERTUR B REFE A 2 M (di i Lisp 36
IR, B anisi vy DAFE 2 16 A e ) Lisp 1B ARZA .
55y BB IR, T ZAESIRAR R A, B E— 245 S BRET LAY S EU%iE (F1 0 apply), B K%L
IR ] EE DR AR o (H X LE AN E ] o
ARG SR, URA] DL 3 27 U8 A B 2 AR lambda-38 382U R IA 2 H . W R ARAE A apply
oY, funcall SKRIFHFLER) 72 SXFEE AT ATHY, B4

> (funcall #’(lambda (x y) (avg x y)) 1 3)
2

4.

ARG EA LERRGT T H EARETC IR T TR W RIX N2 arest B2 A4 TE 4,
CARH RS2 avg BT
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5. TR, A SR B R SR TR 7 M SR 5 IR S L R e
P M B S P B

6. BATH H AT, A HC R BCEMEIA e R AR AE S A 1 2 % B RS B R B AT S 4 R IR 40K
1 backtrace HLAF AU L& A IX L2290 HT 9 ot 3, e AT R i) S5 AR B R FT sE &
KABFEE o

FHHmBTRRIFLUFEEA T, Ire M HEsiTRER AR B A2 SB[ trace RO —1
ZH ISR W2R trace HAYZAAAYIE , B IR/RAVRAY SN 2 OT BB 1 AR Z 8 AR
AT o

7. @3, FE7 A AE A EAE R EUE AR A M 5o A JRIT— 7% FLAY JR T e B mT RE 2 adk I Y (L fee
TFAALAREARE. 46 10.4 TR ERERZS AR T KB

AERSEART IS FH 22 (O I A EEA AT R i ) 256 2% TR A IR BRI R . A SE AT A RERNE WE— > AR AE
EEFVER R, HEEELEE T BRI R FIEE T RKREZECTE ARG . R —MEER %
FFA X G B 5 B A S BOXFE AT BB B G Y o

e, MIZF I THIREW WA 6) IR/DRCH RS . TR R R £ 7225 B BRI HAMG ARG AR
FERAE. QIR — 2B E SR E AT s T i B R R 2 255 H2 /Sl TEAE
LA/ NI RERIRE P B R o 1B BRI E SR AN #1517 Ar LUt AR EA A G 4ite & — &5
[ backtrace , iX PP ZZ RS IAR 2155 58 FAE LA o

83 ZEHINAIZE

T T3 T 20 /RN Z 2 )5, R — AR - 3RATAT LB FAAE M —2RAR e TR B, i
A FRIRTTREE : AT EEH TA AR (syntactic transformations)o X AN A& L4 [ i 222 HY £ Y ] o
H1T Lisp FEFP MFISR AR MFIFIE Lisp RS, “A ik AU A TR R A4 25\, 4 19-24 %
JEoR BB, HH TSR] DAL Rl it i EMBCR B Irf 2 A2 it .

TR ] — SR T — 4400t | IX S8 0% 7 MR while JXRE/INI I T 725, B3 i 10 21 &
SCHRIY Rk PRI ) 25 o 280 1) — i 55 A T B T TANEE Lisp #A B AIARLE 22 —FERT . B ATTIE
/N T AR BN SN AR T DAY — Se R 2R Y RE e g S S LR SR MR — R
AT, i, EIER e Ao, EATRRRSGE — L 1T T EIRMEERIIE S o« ARG BV, 72 fL i
PR —FFI Lisp BOAANRIFIES K BT . LOXF T 2 2 R OSSR LN X3E 5 o

S THGE BRI E XS A B AR o 3 — DR PSR NS 553 E A, B PRREAS N
JEE, Lisp AP R HEZ5. SCHTH nil BHESHOE N nid, HEEHE UK —1 7%

(defmacro nil! (x)
‘(setf ,x nil))

BRI nilt, WTREA NS WE M 2K T TEARAT LAEIRAT AL 722 T R (B se i R
FrREMAT AL L LR AT T E o WA NARZEXFEAR AT A0 2 H S it & 09 TAF A 2L E ATH]
PLAHTE S A A s ] LD 28 o NI A SE TR BOHE, PFEAENTRIRCR STV Z - J LR & 3R 24
TF 7 — MUHERIRE P 1 — I RO R P 2 [ B 22 B

2RI TRARE AR LURER R A AR I AT LS B B ek Si T H . Bt
R EHRAER A A 2GR i LMY, RIS ZEH CshF0e 2 B S 5 AR e B s, AR A B B
O LA A 8 R AR 22 07 G R4 -
(do O

((not (condition)))
. (body of code))

TRF R P AR FIRI AR SR IR . BREURNE B AP A, BRI U5 F AR X AL PR




8.3 RO A 75

BIRFERA AR A — D EE AR, XML af — 25 EH BT while. TR
FAVEIE ML T RSB, BATR R, RO BA 173 200G 2 PE I RO AN B2 R SRAE
UERTATE IR B 2R 60 TTHTIXAE LK E L while:
(defmacro while (test &body body)

‘(do O

((not ,test))
,@body) )

AR 2Bl T LAAZASE Y A7 SR S

(while (condition)
. (body of code))

XAEAOR < AR B, 1T ELIR] - SR b s e B 1 R P B A

TRIXF ARSI RE I A EAE S 5 12 L A B o 36 =5 19225 ] DIMEA R 7 2 N T R B ARk
AT AR A FA e S Y I 7O R P S X R R R LA BT
PR 7o B B B )72 defun, FERT L, & B HY R RS E 2T Pascal B C IXFERYIE & E LAY
FREL. 5 2 TARE NI RIA R ZEA L A FARCR -

(defun foo (x) (* x 2))

(setf (symbol-function ’foo)
#’ (lambda (x) (* x 2)))

X defun # AT ASEEL — IR RTE Feia & 12 . BATH BR ELRZHS

U

(defmacro our-defun (name parms &body body)
¢ (progn
(setf (symbol-function ’,name)
#’ (lambda ,parms (block ,name ,@body)))
’ ,name))

% while Flnilt IXFERYZ AT AR N e HI ) S T2 o AFAT Lisp REFP &SR LME B AT, (H2%E
FIGE FE AT DA EATH G TR BAEBCAY REBEIE S I —F 6 H a8 &R LG Lisp.
BT IRARIEAE SR E — 1 cap B/7 , AN S ER AT REAAB B E M ZE : — 1% 1T cap BT
HE @ WRAR R 2 EIARUEE , — D T EM (toolkit)), ANMAEIXEZ B/, VRAVRRE M -

Lisp 18 717 20 6 HAIE 5 ORGSR 22 5% . AR MBS B fE9m i RNS T, B P FEE , LA
OB MRT Z MEARAR L ERZES . 7R Lisp B, X282 Rt iR ik 7 0k &, BN, fE1E 5
FEFP Z [ AT W ) S BR o ACFT LAARYE T L A2 e iR L H AT FE . RN, 2 BRI T RAS , 18
PR NS, A2 DR O BHAUNES I — N, BRI NERAT LAY BIXT1E S i
PRid SEH THSRY & Lisp —FFo

WHRBRMEARE — DX BN 2D £ F- BT AT ERER, RATEBUERF LB R A 2%
B BB R I — R A (2, y) FI— DAL (de, dy) o I HIRMBZ BT IES 2 — & P —4H
MR XIEEE] 8.1 AL move-objs HIIESF. T RURFEE, AT AL MR R IG ELEA Bt
e —— A EIRLEAR T RIS PRI T T BR4L bounds , B 1R 15678 — 20T R AR T 1 AL DU A A
Fr (/N x, B/ y, Bk x, 5K y) o move-objs HIHRAVERR I HEIEAE T PIIRXS bounds 1A H T HE], B 111551
HEFE AT AR5 ARG B R X 3k

PRAL scale-objs IR AR — 2R RN K/ Mo Hy T X I3l 5 AT RE R 47 1 IR - A AR ] T TBOK B0 4
/N IXA R AR E IR bounds A Z [AIZ AAVE M o BEAETRATZ: BIRE 120 B A AN T4 8 | X 5
IR R B TR A TR : AETER: B e B S R g R

7%, FATAT LA L s B0 b AH [F] B AR R ok . ] 8.2 YL with-redraw Z5H /" —MHE
e, ERE 8.1 LKA LA 1o 2 IXAEAIE XL R U — A E SCIR A A P TAAS aniE 8.2 K



76 #8%F ATaERE

(defun move-objs (objs dx dy)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy))

(multiple-value-bind (xa ya xb yb) (bounds objs)
(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max yl1 yb)))))

(defun scale-objs (objs factor)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)

(setf (obj-dx o) (* (obj-dx o) factor)

(obj-dy o) (* (obj-dy o) factor)))

(multiple-value-bind (xa ya xb yb) (bounds objs)

(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max y1 yb)))))

& 8.1: Fc ) TR R4 i

(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))
(x1 (gensym)) (y1 (gensym)))
‘(let ((,gob ,objs))
(multiple-value-bind (,x0 ,y0 ,x1 ,yl1) (bounds ,gob)
(dolist (,var ,gob) ,@body)
(multiple-value-bind (xa ya xb yb) (bounds ,gob)
(redraw (min ,x0 xa) (min ,yO0 ya)
(max ,x1 xb) (max ,yl yb)))))))

(defun move-objs (objs dx dy)
(with-redraw (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy)))

(defun scale-objs (objs factor)
(with-redraw (o objs)
(setf (obj-dx o) (* (obj-dx o) factor)
(obj-dy o) (* (obj-dy o) factor))))

P 8.2: 15 A S P RS A48

FEF/R o Tl IX P R L, JX S 1 A S T A E A sTBE I T e R AT ER) . JRE, B o
PR A0 TR R R XA IR A AR R L T .

X with-redraw, G E BN —MES EHIZEW , XMES EITHTRE LN E
Fr. BEERNTF AR E 2R, CAIAE NG L L SRS RS — T E A misiE 5, If
HERATRE PRSI 630 HAMB Z A | iX TE 2T A TR E 5 525 B A R iR -

T — E G SR ASCIE T o Lisp 05 ittt 5 7 2 —FRE AL H BIE S , K24 Lisp
7] LRI iy 26 1 H. Lisp I8 W B IR ES (read) F14m1EaT (compile) A LAFHAE LAX A7 5k
HIREF . 8 E 2 A I compile; VR AT LAIE I w3 AR L8 HI R A 4 O ACAS (58 17 T1) , LEA/R AL
ANKIHFAETCIE 58 % o

PRANZERVE S T —FA B gensym. ERIFHE T RSB
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SHUHRAE S SWET Lisp 2 FHES , ANBCE AR Lisp @lA— R E, XS HIEE BN T —
A~ Lisp FIHHE S PEA SRS K. SCBmARIE S 0Zr 2 Lisp A EE — Mk, AR
935, — D IR T 8 I TR R AR S FE S G RIE AR Lisp AUAD, S5 LEARRERR AT LA
WESRAE AT ERIBITE . X KRS TN T o 20 TARISIE 4G —Fh R A Rk I il )
— RIS S R AGE S I, 2 i Ak,

—fRIE , A IE S T DUE i e S F o0 M 2 By . R A T LA A 28T,
WMAHE T RS ABUE TS ARR T 75 0 s AL BRECE i ) T A A0 BOR . A0SR Lisp 35020
RE T LATH AR A 75 2, A8 2 AR AT LATR] B4 R 1 SR SRR U i S5 AN 1Y Lisp RIA, SR F 1 HAR 1 B
25 Lisp b .

A 408 T R B2 R R OB F R . AR L T A — BT 4% 4Aa%HE
IRAEERIT , 18 5 Fp Ok AR a RS L A B T R AR | T 2 i 20 L S i AL LR s AR &
YR, RS AR S W ARE . EIRHE T BAIFREAWHEAR S T Lisp, 84 Lisp 4ii¥
Al o ORI IR SRR ORI o X AR SEIAIE S A TR EAS TR Z AR T4 . BERAREBAT AR
IEEWME — D HEIES S, 2o IR PRAFRARITERE . Fi58 b BARnE 5 1 2 W LUERIZ0E 5 19
Wedw — AR ERIRER S LA AR Lisp difeds ot Y o

X BRATE A S EAETIRARXTE S B0, 5 19-25 EHUE R TIZ AT 819 BE YR T
fERE S A R AR 2 [RIAY X0, F EL R X R 5 2 S8 T | —FhiE =

A — Common Lisp HJ-HWi 5 7 AI/E R AR, AR ER AL curel BE CRHERAERF 1, H
DT 10% RIBRAERF R 2o Xl HE 2 U IO FRATHY b2 ARG B e , AT 8 R b it . 34—
> Common Lisp #2371 fir 15 B9 L] 22 /D58 2 20F X AR P AR T4 40 A RIRE T BA] BRIAR A 7, T A
REFP AT RE R 2



78

%8 F

T A R R




G
(o)
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TEMHRE

BARR Gy i B — FHR N T AR (R AR A AR AR 2 RTS8

AP S AR P ERS T TR B A — A L RO RYAS . TRy A A I il BB I AN A e 1
bug. ARFAGI AN R ENTIE. Al AR R R At —FA R g e s T HL2S 14

ENLpR IS e s o NS

9.1 BHHIHE

IR — A ZER TR R A R 2 TET &, I A B AR A bug U7 O 1 RS HUXFERY 2, A5
PR DI R TE A A AR OIS AL. AR ol LA A RIS DL 22 Bl B AF ST Frifs 2l
P, WA P 2R s AR5 TC S 2 T 22 ROt s U B i 2 A e 5 R R XA for 72
9 L, B8 Pascal I for fE— RAHEA_LIFEMEA:

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(limit ,stop))
((> ,var limit))
,@body))

EANEERZ N AR EHEEPA] DUIER TAE:

> (for (x 1 5)
(princ x))

12345

NIL

TS IX AR IR AN RS, T RE A B IX S ARAS Y 2280 IR BR g Te [l e (HANSRIRATIXAEI A &, [t t
KT
(for (limit 1 5)

(princ limit))

FATATRES I N IX AN F R AR 2 i 5 R AR . HEHB AT o T — Mg iR N THER
S FRAFA M e I
(do ((1imit 1 (1+ limit))

(1imit 5))

((> limit limit))
(print limit))

IAESE IR A HTT AR W . T o AR R IF AR G IR S A E NSRG4 2 A5 Z R BL T 247 o8
ZIRFFHRT limite XFECELER 1 do BHHIL T WK, X 2IEZ: T

H AR A B AT R B W B AR I Pt o 25 . B R AR L R A —— & /)
A ENT — DR B G R FHHE 7 A8 i i 22 JUR P AR A 25 R 2 A 26 AR iR 5
R Ak . AE A AT

> (let ((limit 5))
(for (i 1 10)

79
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(when (> i limit)
(princ i))))
NIL

7 A B A TR A 2 A

92 HHEfFSHiE

7R 2 HBLX PR L, ?%Xﬁ%ﬁL A ERES BN R IR TC R P A5 2 T H e a5
FEIGE . BOA MR, B BAIE T A Y E SRR — I PIR AR AR 2, A2 A (R
KA BT Vg 2R ?Eﬁ)\’%T*/\t gripe, Ef&Z MEHER L EMARFTIE v

(defvar w nil)

(defmacro gripe (warning) ; wrong
‘(progn (setq w (nconc w (list ,warning)))
nil))
I, AN RS 1AL sample-ratio, ADRIRIEI A SR I o WRATAT— A 21IFeh AT R D

THA, 8 i?iﬂﬂﬁtjﬁ}ili] nil, [ I A — A e 3 B A e &&JEEI’] e g LA B SR
(CERBRRE S AT LA 3 2 BU(E B HE MR N A S A BITCC .
(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (< wn 2))

(gripe "sample < 2")
(/ vn wn))))

IR w = (b) KA sample-ratio, IBA B EHIEA N SHAE IR, NMEHEHIZR NS
T ERPERTCRE L. (HZ X gripe I HARITHY  sample-ratio BLIHEHE Lk
(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (< wn 2))
(progn (setq w (nconc w (list "sample < 2")))
nil)
(/ vn wn))))
X AR, ] gripe A L FCEA w A CHRMGE. FTLL, A S RER A7 2 2 R ) 55
HF TR ncone iEH%] T sample-ratio HI—MSHHILEE. MAELFLT  MHHZE () dn
BT AR TR TR R AT R REIR SR EAE MBS
> (let ((1st ’(b)))
(sample-ratio nil 1st)
1st)
(B "sample < 2")

> w
NIL

9.3 HIRAZERIRTH

VR R W9 'S 35 A A BRI B 25 B S, AT AU R Bir A7 RT RESK 5 _ BB RS AL A [P, A8
A PEAT LM LA, 7 B LR B0 RETUR BAS LA A A0 AL AR AR Py A AT A AL R B SEIs Ry,
R TN EAENRE 7558 SO AR LE AT RERAHSE A5 5, FEHEBR E TR, TTC 75 3 I 245 54 P o 4T 173
TR EIRET o AT 20— BB T 2 AR IR, e n] A rTRE AR o AR TR AR NI
BTk R AR B A A A DG A



9.3 LA G i 81

FRATHEET AR B 7 5 w] LA ORE SCRTH P B9 AL it (B R EE T L R BIMES: , Bt AFEARSE 2 B
IE Se 2 iX S & T 3L

B W (free): FATANRIEXFRIFFS s 2 H HT0Y, Y HAC ERIERIA X PRy EEA B N
COHE— I E.
FE T FIEEAE,

(et ((x y) (z 10))
(list w x z))

w, x il z £F 1ist FIAXH A LL#EE B By, R FR XA ATTI0E . A, FMNEIY 1et ik
N x Fl oz G T, WEEAR EE  7E 1et BIH, A y Al w2 H AR TEEIE

(et ((x x))
x)

B x B AP B B —— RO EFHAFEN x G0 E R 1E R o
HER (skeleton): 7 JEITAIHESGR A RT3, HF H 3T AE 228 PR L2 10585

IR foo MEN &

(defmacro foo (x y)

¢/ +L,x 1) L,y)
I HAGLAE R A -
(foo (- 5 2) 6)
Wremier L TR I
(/ + (-52) 1) 6)
X T AHE A2 L DX D FRIAAAEIE S x Ml y 258, B T = H R IR T
 + D)

AT IEPA S AT LA R4S 5 1T i R R T

T4 A (capturable) : WIAR— N FF5-3 2 N2 — I T A SRR Le 22 e BUR i AE 1Y : (a) B
YR A5 HHEEEZ BT NIMEZE B 508 (b) BHgRERINEZR I —3B 0, T IZAEZE & 6 14156
(Y NINE = G E S U e el W S =

LG0T AR PR e R & 3o FEfm fE] SRR TH LT -

(defmacro capl ()
(+ x 1))

x P HAHAER ROEE B A5 M EEREZE B . X SEL gripe 1 bug HYJR A FEIX 25

(defmacro cap2 (var)
‘(let ((x ...)
(,var ...))

.2))

x W B R R EAE — Rk I F A — S Z S BEE 7. (XHE for HH
BLATEE SR, ) FIREXS T NP



82 F9F TEHR
(defmacro cap3 (var)
‘(let ((x ...))
(let ((,var ...))
o))
(defmacro cap4 (var)
‘(let ((,var ...))
(et ((x ...))
o))
x FEP 75 AR AR A o RTT, AR x RYGRERIVE N 28U 18 R AR i A X e — 4 B R 3 X B

NI, R R ] LR A A B

(defmacro safel (var)
‘(progn (let ((x 1))
(print x))
(let ((,var 1))
(print ,var))))

W2 x AR FHARPTA I ENESE B AR AR A KSR . BT, IR AR IS8 —
A HHESR ST AR AR MH,
(defmacro cap5 (&body body)

‘(let ((x ...))
,@body))

AR 2, TN 1A S A AR I XU 78 capB 11, x A& ATHHHEAY o AN T R IR FPIE I,

(defmacro safe2 (expr)
‘(let ((x ,expr))
(cons x 1)))

x /N AHAE R, ROA AL 4T expr HSEHORIAN , x B8 ER AT W R iEEEIRITAT R L
ARLEAEZR AR B E o AEIX N
(defmacro safe3 (var &body body)

‘(let ((,var ...))
,@body))

BOATFS 2 RBART & MBdhie (BUE NS HNMBERM P AENZ).
BAELEFRAIAACEE T for mBIAYE L, A7 B BRI 5 RE A B Al P 19755 -
(defmacro for ((var start stop) &body body) ; wrong
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

BUAER] LA Y for HYIX— & SCAIREIE 52 A A% 7 NAYIHIFE : 1imit W RERBUE N — DNSEHALL for, LR
FE LA By B AR

(for (1imit 1 5)
(princ limit))

HR AR imie HIRAEEEMA R thFIFE GRS -

(let ((1imit 0))
(for (x 1 10)
(incf limit x))
limit)



9.5 I AT 09 4 5 AR 83

XEEA for BN, ATRES M A O Y 1imit 40 &ML FE IR BB AAS | f 5 B2k =0R 0] 55; K
SE b AR f R CHE 2R A ) 1imit RE Sy
(do ((x 1 (1+ x))

(1imit 10))

(> x limit))
(incf limit x))

FEHE, TS AR X A A Y B PR R G To R I

AT X LA T R 278 AR SR AR AU A T S R L. BATH ZEARIE A E X
{9, EARESE 2 RIEHERE o i — A REW A LAY RN, AR T IR AT o Bl 6 T T Y
FiEAHE,

(let ((x 1)) (Qist x))

x £ (List x) BORMER, 2ARRHAL R, AT RITAACBUON R XL let ZMAYF. AN
SERTRLIN 5 RN o AR AT LA H e e 23, R B 2R B0 R W B 1l 2 OB 2 A e
Bian,

(defmacro pathological (&body body) ; wrong
(let* ((syms (remove-if (complement #’symbolp)
(flatten body)))
(var (nth (random (length syms))
syms)))
‘(let ((,var 99))
,@body)))

XA R R E A 2GR BIEAE T progn FHCRIE— (HEEMAHFA — P H
AR B A — AR Y IXAR R — e (R eI 7 AR, KX ot oA i EE
HEZRHL . SR, SEBR B MU AR 26K 20 SRR IEBA R - ARADA N (IRIELA BYT%) 2485 25 B
AT 12

94 HEIIFHIZFEEERE

HO 4 AR AR 5 A P2 S EC R ARG A0, B 2 HE SR 7 A 40 ST TS8O H 25
G M E B SR, AR B, 2RI A RS0 E ST R 2 =0 i B AR5 W AT LUl 25 4 JR A8
e U A S Y 24 R g JE — 2 ABl. 7E Common Lisp H, >J i L4254 R A i Il — > W LA 2 A5 1
FF e P Y RETE AR R package. (XERTAAF R LA BN “star-package-star” K50 1H & N2
WIB AR . )

FirLA gripe FOVEZE 1Y B9 B A ST AR AR L S5 LR AFAE— > £ TR0l *warnings* M E w 1945 i
MR sample-ratio HMEAIEEH *warnings* MK ESAL, ARALAL 2] B 521> bug #U&48 H B HL, (B
et A w VRSN A5 Mz L ROR RS A M P At 1o

9.5 IEITFISEKIEEE e

A I RAFEAEAT 2RI G A58 2 BOREARLEA fE i 9250, T VAR TH R 2Rl . S
BB DU AT LA AEAL B 122 P 1et T3k B 9.1 6057 before MW DI IZ B Z I X 40—
MRH, L HACG X RAEFFI R HELT B AR AR . 5D SGEANIERR . BT
U6 Let BHER THEN seq fLIRHT form FORME— R AHEEAREA R G 1 11X [R]85

YRR RRAIF SLhRgRE RN 2 SRR AN IR S o AT SRR E S, T ULER 33 L.
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Sy FRAHHER] -

(defmacro before (x y seq)
‘(let ((seq ,seq))
(< (position ,x seq)
(position ,y seq))))

/IR A A -

(defmacro before (x y seq)
“(let ((xval ,x) (yval ,y) (seq ,seq))
(< (position xval seq)
(position yval seq))))

K 9.1: M let Mt filifE

> (before (progn (setq seq ’(b a)) ’a)
’b
’(a b))

NIL

XA F ] “(a b) T a £TFE b BIIA?” WIR before A IFMM, BRI H. ZZEIFIER T HAM:
X < B — DS HARAEEFHES 7 RAES A SR RS
(let ((seq ’(a b)))

(< (position (progn (setq seq ’(b a)) ’a)

seq)
(position ’b seq)))

SRR SX A PR, B E— A ERHY 1et ERMAFTASHAT 7o XFEE 9.1 FHREYSE — A8 SO T
WMRLENT .
ANSERE  IER 1et BRI REEARA BRI — 20500 T A W4T

L. A T RERH I VSRR SR AE— 1k IR HL
2. BH 2R B HEASE L M G0E T BORE

XARUNHERR TS 2 008 FATHEBR LAY for ZOmt R Sz 1 aX Wi~ BRA o 4RI, FATAT LAERX AL
AP H2RA0L for HIZ: 6 T R AR, FIKE I body forms (384 — A=K R | AL EX PA-3E
BT RO HEZ Sh

AL (UG SRR, R 28 B A 2k s A 24 R R , X ek s A
AR SE FRAE. BIAAE for HYRESCH, TEPMALITAE— A FZZ BV do HEAT>RIE. AL, do
TR A I E AR T i e B PEA A2 e FATTRT MBIEPMA A — B B, AR E PRI B, A
PHE B AR AZA, 17 U 4 funcall iIX L. GBI IR IMEALRP PRI B A A B L o

K92 45 74 for MSLIL, EMTAYMEIXFEA o TR for IR A RIS — 1K1,
R, BT A Y IRAE 50K A ) B i RS i 1 25 PR A AS e IRAE do A3 P B 19 2 AR 7% (A
o MIETTEIIN do RITE YAl L AREARNECE , Ve A — 428 sl 2 H o =511 E
AR AT

X R IR DR lambda 15 A AR TGl e BT DU B R AR RAD IR (H AL I i
ABUEMTVER, BN, 4AFAER LA R 1et B0 do HAHRE PIAY XL B (UG IR BRI A SR
[ for ABKE) e SEIBATRE  FEXFMEIL T, B EE for ¥HFMRELEA— A E FRATFEIMIHEER T do
N var ZECEN I ENI T B RN for TR var ZHUE R T MEMSEIFHAE do B A ARE—1>
SEFREIAFS count Bt FTLAXAS for BUFTE SON TR T2 Ry, wtig 9.3 1 AL Ar 7m 1Y
ARHE



9.6 i@ it gensym ## 5.4 4 85

Sy TR -

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

TR RRAS -

(defmacro for ((var start stop) &body body)
‘(do ((b #’(lambda (,var) ,@body))
(count ,start (1+ count))
(1imit ,stop))
((> count 1limit))
(funcall b count)))

& 9.2: FH A1 S Al 12

PR BR S AE T, BN TRIRCR ATREA KB . FRATRIRE S PRI L — R R - SRR AY 2, 2
R PG B 25 A 53 BE 82854 F 8K (dynamic extent) , I8 4 —SF R4, A6l 55 7Y 25 A N5 A MUE
B, 2

9.6 &L gensym ik G iHIE

XA T YIS AT B 5 I TR G S 2 B A AT R 540 gensymo £ for HIMAIIUA
RS RSN E A e H AU A R AT AR B G R 0« SR B AT B A St [ R
FE TR AR B, BA T 25 72508 SCHREVRF 5 U SR I 2 5, 23 A BB LAHORER I S B S A9 1 TC

(defmacro for ((var start stop) &body body) ; wrong
‘(do ((,var ,start (1+ ,var))
(xsf2jsh ,stop))
((> ,var xsf2jsh))
,@body))

HRZEIRATEAR . EIHFBATHER bug, FAEREAT 1 H AT REME . I HabAa — D rTBEIEAAR 24/ N ]
SRR AR AERRG, WRAR R — D 2 i B A3, 52 IR T

FATTHE NI POk ARLF T EME— . Common Lisp BR%{ gensym HE L IE LT M. EikA
FIFFSFRA gensym , JX MAF5 AT LAGRIEAFIE (] L A\ B AR 7 £ U5 M55 (eq) o

B Lisp A& WA fRIEX— s BIWE ? 7E Common Lisp 1, B M ER T 35 — D413 H T RAFIX M AE
T AR (KT (package) FYI 28, T I 265 Tl ) —PAF5 RELH BRI L ATHCE #
A% (intern) TEIX N H . B gensym # IR EIME— RARMFFS . T read fEWE|— D5 #i%
LR, T LA GBS AR gensym AHF AR TY o i1, W RARA D RIS ORI L)

(eq (gensym) ...
R 2HGTC A LXK AR [P

il gensym AVRMIERF S IXDNIMEH LA 9B F 7SR T i H g2
ZEUR A 44 7 AT O E . W2R Lisp AMFA IR gensym,

gensym

> (gensym)
#:G47

2835 7E : dynamic extent & F Lisp 4 A LB, M IE WL Common Lisp HyperSpec HIA KM%


http://www.lisp.org/HyperSpec/Body/dec_dynamic-extent.html#dynamic-extent

86 $9%F T

CFTEHH R B AR VY EA B T Lisp 9“5k =" R A BRI 44 770 56 B EE0Y 2 P 2ttt SR 9 22 T 3 LI
#5F o FFHR T HRIRATAS KT A TR S gensym 7R R BTN T — D5 -H5 X —Fks
PRHJISEELZE (read-macro) , = H B2 T LEFRATAE i B 85 — 3 HGZ gensym H 445 o

f£ crrr2 Common Lisp H, gensym W4T HIE X AT R B *gensym-counters, — /M ELESER|HE
R AR . AR EE X TR  FROTEUFT LALEPAS gensym HOFT B tH— 51—+
> (setq x (gensym))
#:G48
> (setq *gensym-counter* 48 y (gensym))
#:G48

> (eq x y)
NIL

BEEMAZE—FH.

Sy FRAHHER] -

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

— N IER R RRUA

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

51 9.3: H gensym it G ffi#iE

K 9.3 A — Al il gensym Y for HIIEMNAE Lo BAETBA Limit A ARIEEZ AT form B AIFF 5
AMRT . EREHH— MERE RS o ZEREITIIE, Linit # a8 MERITHIEEA
ME—7F 5 B

KR for E XAFFEFRTCHR , IMRIRMERT o SEBUR RIS, AR — 58 Bl T AYE R KE X9 Tse HYHE A
HIH e — IR IR 2R AR BT AR DR T RES X — MR BIF L AR . TR E 2K for IXFE
2R AT AEANS A A B AU I D0 T, JB A8 88— RS R S8 FE 1Rl SR M ARLE T REG A
HTEAIRFS B gensym.

9.7 BT EEEGEIHIE

MIERRREE B3, IR0 2 AL BATH C R E g7 T REEE i . M4 RE1E— 1 macros £,
I HAEH A E L for AR AMREL 2 AT LA FH B 45 Hi Y 5E L
(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))
TR B0 AT A2 0 ot n& A AT B3 T B o A1 RAR M TS — 0, L JT 3 mycode, A H for, L&
8 1imit f@iﬁ%*f%ﬁ,%ﬁ% mycode: :limit—— iXFl macros: :1limit %WE%E%%&&%E?E
HEZEHHIRFS o



9.9 g I R 87

SR, LI B RE N 4 R L2 3t e T (R 81 B e PR IR T 560 00, 2 R R J AN vl i A 4L
7 B ENTNH SRR B PR SARA T ik IXF T 5 TCE M macros t0 LA H A A IS SR HEAT (47l
FEfRIF

08 HttZF=EERHHIR

BT L7 R AR P2 150 Bl — b O A 1 () e 8 22 Bl I D2 AL i 32, {H 2 Common Lisp
A HAth 7 23 ] E A Rl PR AT IR ]
PR R REAE SRR E , AT, PR E th 2 IR TC B AT T 2 R0 e

> (defun fn (x) (+ x 1))

FN

> (defmacro mac (x) ‘(fn ,x))

MAC

> (mac 10)

11

> (labels ((fn (y) (- y 1))
(mac 10))

9

IE QSRR 0B R AREE , LLE 2 B Y ELE mac BEZEHAY £ 00K T RIAHHE A . AR £n £ERITBHYE
BTHEE R, A4 mac FIR HECREAT I —FE.

X T IX IO, 2 e R e 2 24 A HE KU A AF5- 5 N B R B R A I IR A 2 AR 2 Wi b
o crrL2 (260 T1) B, ASRARA A B 1Y 4 R AR SR A R A R 908 e RO AR E S0 7 i LMARHY
TR T AT 2 ERBER R ——AFAT N N R EH 0 5E A B B8 AR, AR 2 5 AL 21 Y [ 73 2 BUAR Y 3X 2 B
%o

T35 T, PRAP AR B 44 10 756 R RE AT ARIOR A B eR K04 0 T 5 2B 2 -l (6 gensym 104 ZHE
ZRJRIT S AR R 445 AHR: , AR SR SR LTI R O B RS 2 , S AU — ko
B AR H AR SR, SR RGP T 2 — B 72N 2 R AR BIUNHE w #% +varnings* o
SR 3X A AR PR TT S0 B BOE LA SE B TR B0 11 4 JR) R B 424 57 DX HE R A ST 5 —— R 22 SRR 0B
R WRARIO A AR IXFME I, — A T 55— s, MR X A2 B PR ] RE S EE XA
BREL, IR B AR A iR T3 SR B AR R A AR T — D S A A B

AL HA 5 (block-name) [FIFERT LABHHHHE , o anisd AR L4 go F throw {8 H PIFRE (tag)o MR
BXLECRFSI VR 1ZA5 65 TU_E our-do HYE IR {fiH gensymo

W EEREAER do IXFERV B ERFRAE R AT 40 nil (BB . JXFEAE do BLHTIAY 1" return
o return-from nil ¥ M do AREMAEELEIX T do IHFGAN HLIR A :

> (block nil

(list ’a
(do ((x 1 (1+ x)))
(nil)
(if (> x 5)
(return-from nil x)
(princ x)))))
12345
(A 6)

MR do WA G140 nid B9HR X744 HOR [E] 6, AN (A 6) o

do B A B HRAS RN, KA do WX AP LAET 2 A AM . RE WL, RS — 4 2] do 1Y
75 CB T nil XA E— 1) for M H  return B, return-from nil ¥M for FiAZIM
e LEIXA for FIAA A HHIR ]
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29 AMEREAB?

BT 4 0 R A ek 2 i E. BE TN, AATRES UL, “B R MR 400 — Mt 4
BERLOEWE?” XN REE WA . — A — s E B RE S H A bug T,
FA 2B H /N bug HIFETVE ?

KAV ST H AR N AR SRS B (58 F 07 =AU A B R A2 fERe /Y o AFA7] Lisp #2757
HAAEINAERE R Z N TP ZER” AR . WRAR IEAE S ARG LA 2 Mt AT R AR AT RE AT AR
AL T S - PARTOEH o T EARERL A Z N . FEFREERE T . ATRER A S G XD
(before (progn (setq seq ’(b a)) ’a)

’b
’(a b))

(ERRR P A AR AR R 28 H G o IV B A2 A A A B 5 BN e, — BRI 2k
EHEWAM, IO i REAL BEREY, M HA B ARES R HIRARE o X AATHE T, AT s 2L
ARLETT BEQE VR A2 A IE B RIT RO DL , s S M DL GO A BB H R Y

IS, B A E B A, JEARNET R, BRI A ORI — B % . Common Lisp 14
HLHY defmacro U FLIEF 7 T B ) SR AVAENE R LA A Ek (HEXHRIg— 2] 7 L5008 wiin
N T ZF IR A



H fih 7Y 7= Bea B

IS R BAR AN IV e AR SR H C ARRE TE S R R e T, RO B B Tt
VAT RS, Bt ABRARAF A0S, #5 U E0KE S 25 FL P i SRR Z NI o 55 o BRI T A hefifidie,
CIRIX LA 2 B WL — 1o AT IR AE G 5 75 I 5 08 5 1 575 ST A [A]f

10.1 RERIXRH

IEFREIRRAS -

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

FE L ERE:

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var)))
((> ,var ,stop))
,@body))

B IR AR -

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,gstop ,stop)
(,var ,start (1+ ,var)))
((> ,var ,gstop))
,@body)))

i 10.1: I HISECRE

fE_E—F R L UM R for MUA. 18 10.1 5t 1 53 SN, Rl Il A — 4> IE A Y A )5

XFEE

JEH A for A AE T KA AL R 2B EA 1 buge ERAER— T RITH X
TFE AEHN stop ZIEHY form A UOE A HRPORE, ERFABAEILT , XA 2L 2RI, E
S LB AT LU R . IR stop ARINEM] AR A ZZ W] RER 2 th B = A SH iR B 45
Bl X AEFRRE AL L, TR H AR B ORI #R EE -

> (let ((x 2))
(for (i 1 (incf x))
(princ 1)))
12345678910111213...

89



90 %10% HusEZrnt

TEH S AU for HYZ BB AT : 2 S HZ form, MEH. BUR T BB ER AP E
HIAR, EATATRERBORIEZ K. FEXFMEDL T, A INE RN TR G8E R stop form HYIR[BIME L HfAE
(EEZSOREL L DI PR Shc

BRAERA TR A RN L, BN E 2 BIHE  BZ i R Fs e 200 B B O ik =k
fH IR E—EL ?E%E,ﬁﬁ‘%ﬂmﬁﬁ%‘%%#ﬁiﬁﬁﬁ :%%%%ﬁﬁ/ﬁ\?ﬁﬁwﬁﬁ/ﬁﬁ,Common Lisp H or Y
A2 RATH (IRHLK Pascal HY or 1) AHRALXFEHL N P F0IE M I T R A SRAER AL X T 58
ZANRARKY for RULHAZIXFE T P BCA B 402 stop form BORE—RLAL 1y HLEE 52 B
IR — DB E S ORI for ARKE, 1A /\JLBLEFREH T o

XIHET setf WIZRUL, IO 2 B RAE L HAELIAL . Common Lisp #4E T7 JLSEH THLM#ER S
AR 2o HARR RN, AR IR T 58 I AESS 12 3 HDHE .

10.2 K{EMIRFF

FEASRIENME , BN BRENTRSRAER B E 2 (HA IS5k 2 il ). /£ Common
Lisp S E0 2808 W AR A RAERT -
> (setq x 10)
10

> (+ (setq x 3) x)
6

XTI, Bl X AL TR o 75008 % A PR R = SRABL R P A& A 208 P o e BRI — B
101 ,%E/\Hﬁzlgﬁ/j for [AIFEAMELLTEELHY bugo ZH stop PG start ﬁﬁ}ﬁﬁ%{ﬁ,)@%@z
AT T IR B Iy KA A P2 A S Y -
> (let ((x 1))
(for (i x (setq x 13))
(princ 1)))
13
NIL

AT NS4 H W5 00 LR N TR 2 R —FF . R start form FEAUAS BT HIINAESE , (H stop
form FHSRAEHERVEANRERZ I start form HIR [FH

IEBAMUAR K for SR H S LA AT H BB P AR 18 -
> (let ((x 1))

(for (i x (setq x 13))

(princ i)))

12345678910111213
NIL

X H A stop form HiHE x HIEMAS BT — DS EHREME T .

JUE IR IR A BRI I R S S A & AR T HOX Bl bug IRMER R . SR A
ANSEHIXFERRAD, LB DS EARAER W] 5 — D SEANR EHE, R A ETCE 34 , AT
RETFARH B AL s RUETEA RN, B2 1EH TAE A2 ELL bug i & TS THE H. kR
A NG H I ARRFIRTEIFELL, AR AT BEAZ RS B H for B IEMAMUAE (E 4158 BE 25 Gy T H ok

103 AERFKXAIRFAE

Lisp HIER R AL il 72 T QAR AR 2l s RGN, R 20 3 B LA IREE . JRITa AU BR TN S
HULLHER form ZHMNRLIZA HAMAHT, I HE R RN AT ME— I8 KRB E IR .

U0 crre2 (685 U1) FTid, W LAAAS , 7 4w 13 ARG B 25 30 PR 2 AR 12 AT B R 0T 55— i,
Common Lisp X 7 ¥ ] FEJT WO BB, R IT B9 B BAT VR R e SR — 5 A JR T 504 (R L T A Y



10.3 R H R RE I E 91

AR A B3 A 28 AT LA IE A2 A AT Bln s B A TR S G o A 22 B s 3K
MIABEE ARSI R — il 12, RO AE B 7 AR A AR EE rT RE S T IX A2 BITLA RATAT RES
AR RE S
(defmacro nil! (x) ; wrong
(incf *nil!sx*)
‘(setf ,x nil))
XA E S AR R IT nidy WP, 42 A HY *niltsx WERRS RIS S8T, AR AT NI
AR ERE S VR IAT nd 1t ORI A CEL, AU RS RR 4 1o — R AT LA, LW S PURITA A —
o BN, —APURACAG AT AL BB TIAL BR G AE & PR A AR HACRD Z 1T, AT REA A T 2k U B9 %
P
RO ZAAE RN, B TS R B HZ BN AR AT AR P o Bl MEAT 2 He i 7
R B AAIE FEIT YA | B2 /N AN B 72 I B A2 A G AR A (B3 o Tl a1 R b i 2 HL
GEE=RER A
(defmacro string-call (opstring &rest args) ; wrong
‘(,(intern opstring) ,Qargs))
CRES T A RS MR AFT LA FR FHE E RIT BOZ AR AT A I -
> (defun our+ (x y) (+ x y))
OUR+
> (string-call "OUR+" 2 3)
5
X} intern I FEE— 50 i FIRIERRL R 5o SN, SRR 10 T TR L8, A1
AT R T T o I AR R Ao T T U AR R T RO AL, 5F FLERAE our+ AEAR AL LR I, 5301
JEIT =0 R — IR AR RIS I o
S FF A AAS H B BIVE A I 27 ok — 5[] Miller F1 Benson 7E. Lisp Style and Design — 131 2 2%
T e HWE B cure2 (78 1) $22], Common Lisp HEAPRIESSELE arest S _ERHIF B A=K
Mo ENTRRESFIREF HAt My BOPI RS R R EE o Ja Rt , (RN REBIRE B B arest TEZ NN
TRANRBE R 2 B Al A 2R P
XA REVEXS T eR BRI Z A M o X T BRI, [ AE 66 1T apply BRI #E 5 H%H) Common
Lisp SEHLAR L T RIS . BURIRATE LT et-al, ELAEEMNSHBIIFAEN L et al, %
B
(defun et-al (&rest args)
(nconc args (list ’et ’al)))
UERTATTBA B AR XA B AR, B R TAFIER
> (et-al ’smith ’jomnes)
(SMITH JONES ET AL)
SR, ZHE AT apply W E, sl B EA ML :

> (setq greats ’(leonardo michelangelo))
(LEONARDO MICHELANGELO)

> (apply #’et-al greats)

(LEONARDO MICHELANGELO ET AL)

> greats

(LEONARDO MICHELANGELO ET AL)

Z2/b Common Lisp HYIEAfSEILRY 1% 22 XA S, BAREN H BT A L BEA — IR o

MERVRESER T o RN ESBREN arest THS I E W RES BRI H o X2
U, BEAARATRES MMM i B RE SRR F . IXFEER th A B E L —— E LS e R A1
A B e WERFATE L2, EHHELEARTY neone ZIEHY grest 220 H!

1€ (foo) Fl ¢ (quote , (foo)) %Effto




92 %10% HusEZrnt

(defmacro echo (&rest args)

¢, (nconc args (list ’amen)))
RGN ERECRTH &
(defun foo () (echo x))

FE— 12 Common Lisp H, £ ML) R THTNIL S -

> (foo)

(X AMEN AMEN)

> (foo)

(X AMEN AMEN AMEN)

AR foo IR T HHRAVE R, B BAEUGR B A S5 REA — 1, KON — O RITHE R T foo HIE
o

XA R ik T 2 BT R A — WA — R AT RES R IT 2 K AEIX A SR, 5 — U
H1 foo R[N HE AT A amen HIFFK . HTHANRIA IZINAE foo BUE UM 17— R EIT SN A 1%
NIRRT A BRI 1K

H foo fE UMK MR B 24— 1
(defmacro echo (&rest args)

¢’ (,0args amen))

KN comma-at ¢4 T append MAE nconco FEHE MIXNEZ G, foo WRFEHFIE L—F, ME A
ikt —FE, [AOA echo HYHT—MRASEEMACES 1.

XFREANL, 2 BIX ARG R B A BRI grest 280 AR ASHUL B FI R Z M . Uik
FAMTE ST — D 2AEMHB T, U Z R R R AL,

(defmacro crazy (expr) (nconc expr (list t)))

(defun foo () (crazy (list)))

AR 2 23 R AL PR A T RERAE 24, TEINAE — D SEBLEL  FRATTHE VM I I i B 2 R -

> (foo)
(T T)

FIRRREARIE X DUES I ARG Bt & %

R, AN B B E E IS B R G5, KRB A IE consing. IXFEAT 2 AR 77 st 45 ) LA T
TR AT RS T o WRAR AR S R s 0T 8 % consing, — P DR T7 S8 2, it
F consing YIHREN JiiE o X T2 BX PR, AT ILER 13 %o

7 FEIT il Bl ) RIS A 5 | PR AT , SN Z08 e 0 C I TR E R B st RS @ 31X
SURXS T2 BRI T2 45 3.3 5 b8 s A — 4> 2 41

10.4 &7

A2 FARMTIR AT — A R EIUE SUBGEB A o 111 L8 R B AR S0 T ET R

(defun our-length (x)
(if (null %)
0
(1+ (our-length (cdr x)))))

(defun our-length (x)
(do ((len 0 (1+ lemn))
(y x (cdr y)))
((null y) lemn)))



10.4 i#)a 93

— BRI, A T 2 i ) SR AU B R AR, T LB 5 7,10 AR B R SR BOR B N
A BRI, QLR S5 TRE 530 38 ) AR TCR Y o AR B ATLAN B Y nth 0. OO R,
XA AR nth BABETRIRE . ) B 102 45 T8 nth @ USRI EHRZL. R IA_EA nthb P
Fl ntha S (HE—MIEXS nehb P8 BB PR RESR I , IR DAx 200 Y O T RETC IR AL

XANATEATAE:

(defun ntha (n 1lst)
(if (= n 0)
(car 1st)
(ntha (- n 1) (cdr 1st))))

XAARES 1 -

(defmacro nthb (n 1lst)
‘(if (= ,n 0)
(car ,1st)
(nthb (- ,n 1) (cdr ,1st))))

P 10.2: X3 I R AR SR IR S HE

— RIS, & VR B A7 — ARG, REREIT RS & 2T IR AT L. nthb FYRRITZ 40
LET RN RIS A — N HAGH S e REIRA , ntha, Z FTASZER N EAE o B4E B8 IH XA
EAERF UGB/ N B ZZ X REVT R form, A ENTHME. HuiFa & 22T, b,
(nthb x y) B, 5 — X EIESE
(GHf (= x 0)

(car y)
(nthb (- x 1) (cdr y)))

IRJE LRI

(if (= x 0)
(car y)
(if (= (-x 1) 0)
(car (cdr y))
(nthb (- (- x 1) 1) (cdr (cdr y)))))

WX NTCRRIEER o — 23 R IT IOt H B A3 T2 o) LAY (HA &1 2 Y.

4 nthb IXFERTERIAZ , ARG Z AE T B T8 AR MR s L AR IE R o 1T 4 VR LA RE e ke
ok, A RRIFET IE, B R R EEE HiE. ARMEA, W IR ERA R, SRR B —1N % H
(97 MR, e LR B ATCRRIEER , LE R 58 S MR A4S T o

FEAGIH  ntha £ RHE AN i IHRET LUR 58S 2 SN RERIE L, K AVEZ R,
—ME nthb K2 LA K
(defmacro nthc (n 1lst)

‘(do ((n2 ,n (1- n2))

(1st2 ,1st (cdr 1st2)))
((= n2 0) (car 1st2))))

T LA b5t St I e RS i I AR AT B e (B, B B A2 R 328 U BRSP4 LR TR M L
RICIEME]

PR TARZELAMAT 4, AR VR AT BE 2 K BLSUR Z R R G 7o 18 10.3 25 HY T PRRT
2, AT RR A R T BRI 75 o S5 R SR I AL nthd HUHT, & B RIT O — R I R 2
P o 28I IRARBE A2 8 B, GO A S5 B P 8 5 5 | S 2RI, AR 23X k7 5 mi v] LA
£7



94 %10% HusEZrnt

(defmacro nthd (n 1st)
‘(nth-fn ,n ,1st))

(defun nth-fn (n 1lst)
(if (= n 0)
(car 1st)
(nth-fn (- n 1) (cdr 1st))))

(defmacro nthe (n 1lst)
‘(labels ((nth-fn (n 1st)
(if (=n 0)
(car 1st)
(nth-fn (- n 1) (cdr 1st)))))
(nth-fn ,n ,1st)))

10.3: SR A AP~

TSR ARAE F 22 6 B Y A2 AR I R o 2 o A3 72200 FH B Rl PR v IR AR AT BB 2R H nthe —
BRI % HA FER 1abels special form (W 2.7 97) & 1E— MR R AUE Lo F nthd® FFXEIT
T AR E LKL nth-£n A nthe fF =R AR ECER AR Z R B O E Bl AR .

SUEVRTT A 8 A R BB B A R AFT LAt — 78 AR B R R I R A A Jlr - 25 T
PRECHE &5 Y Lisp BREL, BEAT Y AR AT LLS R i, iR B O 8 LN E or, B2 w4
B I I B R AL

(defmacro ora (&rest args)
(or-expand args))

(defun or-expand (args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym

, Sym
, (or-expand (cdr args)))))))

(defmacro orb (&rest args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym
,Sym
(orb ,@(cdr args)))))))

P 10.4: 330 U ) T R 2K

E 10.4 Z5 B PIAS or 8 S, EATHT N B SLEL A2 I SR T pR L. 7% ora P8 FH - BRI 4L or-expand
RAEMEIF . EDZERRIER TIE, A5 Z FMH orb th—FERT LISEifESF . R orb A HA,HE
FAET SRR EOH A GXAEZZ R I T LUAS R, AR T EARE (AR BIT T 355 .t
VE R Z T EREFFENZA— X orb HO WG H , KA, orb ZZHIJETT ST E L LA RET

HeJT

2B 3K L — AN R 451R  nthe VoM nthd.
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B, B RIS A X orb HITHH  IX N HGAE T — 25 BITFI R — 1 1et, EHRIAAE
R 2B Let; (orb x v) TP R F R4
(let ((g2 x))

(if g2

g2
(let ((g3 ¥))
(if g3 g3 nil))))

F5LE, ora fl orb ST AT, HARGE R XA AT 2 N BB T
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42 81

7N

M

ARFEN G E SOUMER I R BT URBUH N =% — A —EEE. B4Rl LT
3C (context)o (LA HEEAE— 1B B9 _E T SCPNE B SRAE MRV ERT AR AL TR E LR o 7B Y BT 17 4
PR A BT 3C, IF BRI S E SLEfT.

FTRM =AY NIRRT A PR R 2. — MR IR HSBORE R BT — Ik
BT IR, IO AR RIAE R THEE SO o AEMUES PR AT E B R A ERAEAT 2 TR AT W X - FE AR
W AR A RIX T RE (SRERAEIZ ANIL) o fJa— T RE T 4 PRERI B A SREZ Y 55— P A
UL AERELE) & B AT AT LU R B0k 52 Ao

111 SIEETX

KR ETCAMZEER. —K E N ERIEFEIIG. special form let G 19115205 ;
let LA EIFIAACREAE D ATREE S FT AP BORE. WIRAE toplevel 4t x BEK a, AL 4

(let ((x ’b)) (list x))

R R ] (o), XS 1ist A FABORAE—HBEME R, a8 — 0 <, HAE N bo

AL A FRE R BRAERF E U BR T 2810, progl M1 progn HITHULAN  IXRERVERFAY H
AR E B EAAESREASFT Y LTSGR P ORE . APRE G B SO ARG E AR B LK, wlifs
BRI, XA R SO A& i RE A

(defmacro our-let (binds &body body)
‘((lambda , (mapcar #’(lambda (x)
(if (comsp x) (car x) x))
binds)
,@body)
,@(mapcar #’(lambda (x)
(if (consp x) (cadr x) nil)
binds)))

B 11.1: let B 23528

11.1 878 TWiEid 1ambda ¥ let & L H—1 % —> our-let B E|— R H —

(our-let ((x 1) (y 2))
+ xy)

JEEIT 1
((lambda (x y) (+ x y)) 1 2)

112 A8 =R QIR IRE R 2 . 45 7.5 T ] T when-bind /NS X R R) RSB , i LA
XN EOELEE 62 At o BH— I when-bind* #52— THEXTH (symbol ezpression) form

P33 — AT 1et B — 1S HNEAMIE . MR expression iR nil, 4% when-
bindx KA nile FFE, BRI ML DA 5 BAE Letx BIRFERR SR ERIIH I T KA :

97



=

98 F11% 2Z248%

(defmacro when-bind ((var expr) &body body)
“(let ((,var ,expr))
(when ,var
,@body)))

(defmacro when-bind* (binds &body body)
(if (null binds)
‘(progn ,@body)
‘(let (,(car binds))
(if , (caar binds)
(when-bind* , (cdr binds) ,@body)))))

(defmacro with-gensyms (syms &body body)
“(let , (mapcar #’(lambda (s)
“(,s (gensym)))
syms)
,@body) )

] 11.2: GhE AR BN 2%

> (when-bind* ((x (find-if #’comsp ’(a (1 2) b)))
(y (£ind-if #’oddp x)))
(+ y 10))
11

5, 7% with-gensyms A Sl MR S Z 0o V12 A€ SLHTT kit 2 ] gensym Az fft—2£47-5,
A A SRR 3% . 7% with-redraw (% 76 ﬁ) LA A
(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))

(x1 (gensym)) (y1 (gensym)))
2D

TR E SCAT LA it @%wnh@mmeUH%f%§@ Aﬁéﬂﬁﬁﬁﬂgmmnio%%ﬁﬁﬁ
A%, FATATR S 1k
(defmacro with-redraw ((var objs) &body body)

(with-gensyms (gob x0 yO x1 y1)
)

XAFR R T IR S s
RPN T EEGE R SRR IR e 56 A AR(E— A RE AP — 1 FUATAHRAE Let HAH
AR H -
(let ((sun-place ’park) (rain-place ’library))
(if (sunny)

(visit sun-place)
(visit rain-place)))

ANZERIE T RIS T BOA IR A9 5 3% R I AT LR AR SR AAE A ] A AURD  (EAE 26 2 B AR HL A 70
B BELE S P AR

K 11.3 @é\*/l\ﬁﬁ%’éw\%ﬁ%%o ME A FitaeE H ,condlet 1T N3 2 cond Fll 1et HY
JA . B MINERAINAIEER, HE S MUE M. G ETE R AR B HT B A
ERIKSTAE ; 45— DI FB U LAY E TR A I b R 90 8RB 2 IR AR LR AR 9P E 2R
BErPgioR (. ARy RIS S B Ay b A B TR A B, AR e e i IR A LB
CAHREENTE, TSI ER nil L
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(defmacro condlet (clauses &body body)
(let ((bodfn (gensym))
(vars (mapcar #’(lambda (v) (cons v (gensym)))
(remove-duplicates
(mapcar #’car
(mappend #’cdr clauses))))))
‘(labels ((,bodfn ,(mapcar #’car vars)
,@body))
(cond ,@(mapcar #’(lambda (cl)
(condlet-clause vars cl bodfn))
clauses)))))

(defun condlet-clause (vars cl bodfn)
“(,(car cl) (let ,(mapcar #’cdr vars)
(let ,(condlet-binds vars cl)
(,bodfn ,@(mapcar #’cdr vars))))))

(defun condlet-binds (vars cl)
(mapcar #’(lambda (bindform)
(if (consp bindform)
(cons (cdr (assoc (car bindform) vars))
(cdr bindform))))
(cdr cl)))

K 11.3: cond 5 1et A A

> (condlet (((= 1 2) (x (princ ’a)) (y (princ ’b)))
((=11) (y (princ ’c)) (x (princ ’d)))
(t (x (princ ’e)) (z (princ ’£))))
(list x y 2))
CD
(D C NIL)

AT LA condlet WIE AR ICHN our-let & LAY —Btbo a4 H LA — 1> s &L, SRS
FIHMHE (initial value) JEZUHYRIELE R o condlet JEHFFIUAAIE A 1abels & X T — M AH R EL, I8 —
A cond THAK IR E WL HHEIGBORAE AL 4512 R 2L

TER ) R IT 4% 1 ] mappend U mapcan R MAEETEA P A i 4. 1X 2 K4 mapean A2 B AL
B RAEES 10.3 W HAVE S EHRSEk:, SIS YIRS .

11.2 with- &

B TIRE IR LUSNAA 75— BRSBTS M ARG AR R R A B O (E, B
RN E, LA Lisp Z SNSRI RPIRZS e M X A BN SCAYIRAE R AL JHEE SUCZ , BRARE TR AR
TR TR R

it BRSO R A 2% U with- TG X2 2 BMHES vith-open-file [ o B
FARFN—ADFH T TF R SO — SR A, B 2 CaghE ) T P 8@ AL i
(with-open-file (s "dump" :direction :output)

(princ 99 s))

ZRIBASKIETE R LR, SCH: "dump” 4 H 3126 1, BN & D F4RF 99",

TRBA . XA ERF N2 S , R EGE T so HL, HBE—PMERAERF R AL form 7EHTHY LT
SCHRRELTSRAR, AR 4 B AE SN % 1 et T I ignore-errors 7%, ffi C WIS EUMAGAE —
> progn HURME—FE. AEATAMTTH T4, ¥ ignore-errors form & ELIEIR I nilo (FEIZHUH P HY
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7

NI FTRERCA X P B LA A Y. ) )R ignore-errors A GIEAEMTAL B (HE I/
WAVRE SURE , RN E BN ZBURAE — B _E R SCERIERT

RIS, QU BT SR R TR AR R BRI By Sk =T RERDRUE AR Z /T 25, BB
JEHEBE o IR BUE B 5, H H R RER O TSR, ik RGE RIS IR — B — Ly 1
TAE. BN, with-open-file WMJUR M BFT IS AEXFMENL N, B 7524 BN 30O 2
H#—> unwind-protect H.

unwind-protect E@EﬂE@%%ﬁ%f%#%fﬁ%%iﬁftﬁﬁﬂiﬁg,E§§§§ﬁ%ﬁff%£qj%ﬁﬁio IE%%E%**ﬁ‘EEEi%iéiéﬁ,ti
BB AT o IR —DIIE R AT BR[04 — D 2R, R progl. DXUIIAET, FIE 4 i BU4H
B, ECE ML ) S R TSR — SR SRAE, AR S —HE SR 1E.

> (setq x ’a)

A

> (unwind-protect
(progn (princ "What error?")

(error "This error."))

(setq x ’Db))

What error?

>>Error: This error.

VENEEAR unwind-protect form 74 T — PR, [HETER[HE] toplevel Z 5, FANEERI EHIE —
MSHAAERIE T

> X
B

KA with-open-file BEJF T — unwind-protect, T LARIH X} with-open-file Y body sKEM & 4=
TEEGR, BATIF RIS S — I BEAE A ¢ 1
BN SCEEE R 2RO R E M IS B 28001 B IRNES — e, B2 M T iz

FI2CTE . FEFPAER]— I 20 A0 — R a5 | XD R e 4 SRR Bt dbx 808 o AR B e 2 11,
MTTRZ06 & e, LA AR H AR e REFI I FH & o 58 iR o e B0 AR BT I SRARDC 250408 i ab A5
1] q B, B SRR :
(let ((temp *db*))

(setq *dbx db)

(lock *dbx)

(progl (eval-query q)

(release *dbx)
(setq *db* temp)))

FRATAT LAIE I 20 pir A X e B PR RO K o 18] 114 E ST — A2, Bk RATEE & R 2 1
A PREEE . ] with-db, FATHE L

(with-db db
(eval-query q))

1M B A M with-db 44 RN E 4 I K unwind-protect 1M H1H progl.

P 114 FPEYP A E SURDER 1 4 5 IR IR AT RETT 30 SR — TR SE e IR, 45 b0 el B 22 4
K M with- ZARTFAUA S RIS, 55 RIS SR

£ crrL2 Common Lisp H', dynamic-extent f B 75 7E & S AR 19 P16 40 i 25 [a] B, vl AR & 3 —
28 (crril LIS ZMEIZ A M) o FATRALE with-db-f£n P8 T ] A F5 20X A AL 3208 B I &P 4>
TR, E RV IF G MR B HAM LS Ao XSS APEAE Lot SKAAR I B B, AR 2 B
W A o
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e

(defmacro with-db (db &body body)
(let ((temp (gensym)))
‘(let ((,temp *dbx))
(unwind-protect
(progn
(setq *db* ,db)
(lock *dbx)
,@body)
(progn
(release *dbx)
(setq *db* ,temp))))))

TR RS S -

(defmacro with-db (db &body body)
(let ((gbod (gensym)))
‘(let ((,gbod #’(lambda () ,@body)))
(declare (dynamic-extent ,gbod))
(with-db-fn *db* ,db ,gbod))))

(defun with-db-fn (old-db new-db body)
(unwind-protect

(progn
(setq *db* new-db)
(lock *dbx)
(funcall body))

(progn
(release *dbx)
(setq *db* o0ld-db))))

B 11.4: — T with- 2

113 FHKE

AR BATFTZLL A A SRR E A N ABCOR(E. X T RETRES), IR R e 2
SR E A SETRIA. AITIEN 1£-and 1 cond JXFEN B B ERVERT REAS T HELE A0 00 TSR MH, BR
R ESHOR M FLR E M (. Blanse = 0f

(if t
’phew
(/ x 0))

BEASHACRPRAE AT S EBRFE R Hib T AR DS HORE, if W B EE
ZZé?ﬂﬁﬁi[]phewo

AT LU 9 5 2%, K0 T RIT 2 ©A BB ERT ER A& X BRI | 115 R 21
ZTHERY if TR RIS 1£3 HYE LBIR 1 AN E S =R A . X2 nil
AR, BRI SN ERVE L TR 25 R8T =R BL(EZR A 1 R, AR R 2, 380 70 ERTREAI TR
TR TR /INZ AL -
(while (not sick)

(if3 (cake-permitted)
(eat-cake)

(throw ’tantrum nil)
(plead-insistently)))
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(defmacro if3 (test t-case nil-case 7-case)
‘(case ,test
((nil) ,nil-case)
(7 ,?7-case)
(t ,t-case)))

(defmacro nif (expr pos zero neg)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ((plusp ,g) ,pos)
((zerop ,g) ,zero)

(t ,neg)))))

B 11.5: BEAFRAE N 2%

XA SEAT I RIT 1 caseo (AR nil SHEAMUES ARSI B JSUAE B0 Y nil S A
o) BIFE=ABHA A A SBORE, 2T W4 BT 58— 24 E.

nif MEEEZ “numeric if”o 1ZZ M 73— FRBLHIIAE 57 DU E. EEZBELEENE 1S,
AR A 2B MR TR =AZHR I — 4
> (mapcar #’(lambda (x)

(nif x ’p ’z ’n))
2(0 1 -1))

(Z PN

K 116 68 T AN FASRER Z . 72 in FREZOHMIEE S IR R R SRR
R ESRE TSRS RIES , v S A B Rk R s B el

(let ((x (£f00)))
(or (eql x (bar)) (eql x (baz))))

sE VR AT USRS I ROk RORERIE

(member (foo) (list (bar) (baz)))

JaE EIG  ARCREZ L. 1% member FANXFEM M T SECT 2L LB i 2 ST,
HE T A 2 6 B 45 % — A5 K LM member #HTE L. - H A TG ETUMR S £ X E A
AAREYORAE, R LT REIR AT . MR (foo) Al (bar) MEAHSE, AL A A TFEKIE (baz)
To NECMAEM 2 2SR, [ nember #IAEIFJT 5. AT LAdd 2ok 152 H A BRI A : in
! member WIS or MBCREEAGTE T —ilL. FMNY in KB

(in (foo) (bar) (baz))

R member XA AL (HHIA] LRI A%

(let ((#:g25 (fo0)))
(or (eql #:g25 (bar))
(eql #:g25 (baz))))

TEILZ R IXAE, Y W EEE T AT = O R A5 2 2 T — T A JRATHU R 2 08, T 2 B S 204 AT
BN G .
K E N “in queue” H ing A& in KI5 HATY , 2l setq X T seto KK

(inq operator + - *)

JEIT )ik

(in operator ’+ ’- ’%)
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(defmacro in (obj &rest choices)
(let ((insym (gensym)))
‘(let ((,insym ,obj))
(or ,@(mapcar #’(lambda (c) ‘(eql ,insym ,c))
choices)))))

(defmacro ingq (obj &rest args)
‘(in ,obj ,@(mapcar #’(lambda (a)
7,a)
args)))

(defmacro in-if (fn &rest choices)
(let ((fnsym (gensym)))
‘(let ((,fnsym ,fn))
(or ,@(mapcar #’(lambda (c)
¢(funcall ,fnsym ,c))
choices)))))

(defmacro >case (expr &rest clauses)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ,@(mapcar #’(lambda (cl) (>casex g cl))
clauses)))))

(defmacro >casex (g cl)
(let ((key (car cl)) (rest (cdr cl)))
(cond ((consp key) ‘((in ,g ,@key) ,Q@rest))
((ing key t otherwise) ‘(t ,@rest))
(t (error "bad >case clause")))))

K 11.6: A RAAY Z

M member HIHRATTHN—HF, in F inq H eql XRIMIAZEMN . A0 R ARAE A ] HAD A Il 45 4, Bl
%/I\*TEIZI@ZEEJ&??UHUE&%B(L\m‘u%{ﬁﬁﬁﬁﬂﬁm in-if. in-if Z T same {FIL/2 in Xf member 8 Ko
Ik

(member x (list a b) :test #’equal)

WATLAG 1
(in-if #’ (lambda (y) (equal x y)) a b)

1]
(some #’o0ddp (1list a b))

(in-if #’o0ddp a b)

H cond Al in 4LA(H FH AU, FATIEEEE L case I—TAHINA . Common Lisp [ case Z 1
ECHEEE . AT REARE 1 case HIAT R (HILH RS AT LARSRAE . X TIXEE I RATE
ST >case, #UR case BT H—HE, BR T B & T0) AL LA Z BISBHORE. (7P > BHEEH
R FRSKAES R G LT o ) BN >case T in, AAEHZEMABNEA SPRIE .

H TR LUZ Lisp KIA, TTEFIWT (x y) BIGREA BRECH A2 H PN P& o O 1 G
R SUME B (BT t Tl otherwise) MAUE ARSI A H | WHMAZE A 1. 1F case KixzUH | H
TE B nil REEVEN TN car . 72— >case AT | nil A FAIIY car BEASTIA B L
T AR SURZ A H B G AN SR (B
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NG WL, A2 A — A >case T A R IT A ARG BEE SUAE — D B MY B AL >casex Ho EE
F| >casex AFMEME] [ ing.

114 &R

A, BB R AL FHFAAE T BTSSR BORE, TR EATHBERE — K. RO — D REr 4
PEHCERIERORAEN G — Uk, IR BRATAREE L MR B — 23k UR HF AR 2E A bt
FTIE AR AME— B MR B E U —

MR R0 T — I RERS T K To iR Lk R I H 2 HA %

(defmacro forever (&body body)
“(do O

(nil)
,@body))

XA AR M VR G EAL MR R I, Loop XIS o ARATREIN N ICRRIAERZ T AL (2l AL A

K)o (HER block Fl return—from 4 A E A, IXRZMAL L 1 FRIEFEMIEF R H AR T o 31X
PR S AE— B SERIE OL FA 15 oK

(defmacro while (test &body body)
“(do O
((not ,test))
,@body))

(defmacro till (test &body body)
“(do O
(,test)
,@body))

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

K 11.7: B2

Bl 117 PR H T —Le A AR R . HP while RATZHMTEAE WL T (60 T1), HAAGAEMIEE
KGR B SRAE. 52X HE €111, BRAAENHERE 2R BB SRAE. &2 for, [FIME AERTIHHLA
W2 % (86 ), EAEL E AT IX [A]_EMUEAIRIE.

FATE G AL EATREIT I do, FTIX A I, AR AL L B AR HLAEME ] go Al return. IEU do
M block 1 tagbody A 4k | X LEAL ), while, ti1l Fl for LM do b4k T BT, #ifh 87 Ui _LFTfiF
FERABKE ,do NEBEEE block B nil ARAEALIE 117 tRRYZFrfife . BAAS HIIX R bug, AMNHLE
R (A BAZ IR K

R B E SRS B RERT  ZR AR DB [ 11.8 BAHE T dolist HY— ML i
AR T ARG E — AR D PR AR 75 Eo BN, 45 E M 1~2 4L, do-tuples/o KiuxT
ESAWE
> (do-tuples/o (x y) ’(a b c d)

(princ (list x y)))

(A B)(B C)(C D)
NIL
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(defmacro do-tuples/o (parms source &body body)
(if parms
(let ((src (gensym)))
‘(prog ((,src ,source))
(mapc #’(lambda ,parms ,@body)
,@(map0-n #’(lambda (n)
‘(nthcdr ,n ,src))
(- (length source)
(length parms))))))))

(defmacro do-tuples/c (parms source &body body)
(if parms
(with-gensyms (src rest bodfn)
(let ((len (length parms)))
‘(let ((,src ,source))
(when (nthcdr ,(1- len) ,src)
(labels ((,bodfn ,parms ,@body))
(do ((,rest ,src (cdr ,rest)))
((not (nthcdr ,(1- len) ,rest))
,@(mapcar #’(lambda (args)
‘(,bodfn ,@args))
(dt-args len rest src))

nil)
(,bodfn ,@(mapl-n #’(lambda (n)
‘(nth ,(1- n)
,rest))
len))))))))))

(defun dt-args (len rest src)
(mapO-n #’(lambda (m)
(mapl-n #’(lambda (n)
(let ((x (+ m n)))
(if (>= x len)
‘(nth ,(- x len) ,src)
‘(nth ,(1- x) ,rest))))
len))
(- len 2)))

K 11.8: BT FRAII 2

2 E M A ZEL, do-tuples/c K MIFIRERT R SR 5 T |l B 52 ATk -

> (do-tuples/c (x y) ’(a b c d)
(princ (list x y)))

(AB)(B C(C DDA

NIL

W 2R E] nil y BrARE AR A 22X return.

{EFT SN B FP IR R RN MR B 28 W A BIX KIEREE. T8 /7o M /c BEHIRF X H 4
TS ) 35 A A 1) 285 K 2 4 31 D 3 D T TR 35 P A B A2 Y o 28 1, A1 2R points A2 — D AU FI 5K
1M (drawline z y) £ x il y Z[AIIEIZ, AR 4 ] — 4% AES OB 28 5 B B8 1R TR AT 15 AR

(do-tuples/o (x y) points (drawline x y))
AN points &P E WA FFIZE, 09 T I HT ERIFE L, A XS

(do-tuples/c (x y) points (drawline x y))
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VENH— DS LS PR AR RN, M ANEARE 2 R KR E A G 7. RA
2/E(\—‘/\§§ﬁ,ﬁj’é%l%f§ IRME A dolist:

> (do-tuples/o (x) ’(a b ¢) (princ x))
ABC
NIL
> (do-tuples/c (x) ’(a b c¢) (princ x))
ABC
NIL

do-tuples/c HJAE LIt do-tuples/o B A 8248 [N EEA A R 255K, BINHTIRFE . 1R A n
N4, do-tuples/c WAEIRIFIZ T 24 n — 1 KIEA:

> (do-tuples/c (x y z) ’(a b c d)
(princ (list x y 2)))

(ABC)(BCD(CDACDAB)

NIL

> (do-tuples/c (w x y z) ’(a b c d)
(princ (list w x y 2)))

(ABCD)(BCDAI(CDABDABOC

NIL

B — % do- tuples/c WHR R EREE 119 He Aot R B R ME 2 202 AR LL e m 4T iR 2 51 36 7T
SKHTEAE S o XL (FEAG T, AP B dt-args k.

(do-tuples/c (x y z) (a b c d)
(princ (list x y 2)))

JEIT )ik

(let ((#:g2 ’(a b c d)))
(when (nthcdr 2 #:g2)
(labels ((#:g4 (x y 2)
(princ (list x y 2))))
(do ((#:g3 #:g2 (cdr #:g3)))
((not (nthcdr 2 #:g3))

(#:g4 (nth 0 #:g3)
(nth 1 #:g3)
(nth 0 #:g2))
(#:g4 (nth 1 #:g3)
(nth 0 #:g2)
(nth 1 #:g2))
nil)
(#:g4 (nth 0 #:g3)
(nth 1 #:g3)

(nth 2 #:g3))))))

Bl 11.9: —> do-tuples/c WHIHI I

115 ZEZEK

WE do ZZHRAEAEL HIRIMEZ BT CFAE. SRS, do HJ LAZKZEGELL LAIE W H HITE 3, IAh Lisp
MR R R B F . B 1110 B&— P SHF2MEN dox UA. 1 mvdox B, M HIEIERI AT
FEZ A2

> (mvdox ((x 1 (1+ x))
((y 2) (values 0 0) (values z x)))



11.5 % {E AR 107

((> x 5) (list x y z))
(princ (list x y 2z)))
(100)(202)(323)(434)(5 45)
(6 5 6)

XRIEAAEE A M, Bl 5 U e B4R 5 ZALFR T AN A AR DCIBIX B B 2 (H AR i

(defmacro mvdo* (parm-cl test-cl &body body)
(mvdo-gen parm-cl parm-cl test-cl body))

(defun mvdo-gen (binds rebinds test body)
(if (null binds)
(let ((label (gensym)))
‘(prog nil
,label
(if ,(car test)
(return (progn ,@(cdr test))))
,@body
,@(mvdo-rebind-gen rebinds)
(go ,label)))
(let ((rec (mvdo-gen (cdr binds) rebinds test body)))
(let ((var/s (caar binds)) (expr (cadar binds)))
(if (atom var/s)
‘(let ((,var/s ,expr)) ,rec)
‘(multiple-value-bind ,var/s ,expr ,rec))))))

(defun mvdo-rebind-gen (rebinds)
(cond ((null rebinds) nil)
((< (length (car rebinds)) 3)
(mvdo-rebind-gen (cdr rebinds)))
(t
(cons (1list (if (atom (caar rebinds))
’setq
’multiple-value-setq)
(caar rebinds)
(third (car rebinds)))
(mvdo-rebind-gen (cdr rebinds))))))

[ 11.10: dox I ZAEGNERMA

BT TR B S — A fa] B S LR, et By F AR AR Sl P I B B B I o SR BB R
[ FIE 20 0, IR 2 ARt 17 AR BT A SRS &, R o 18 1111 BoR 1%k i) E a2 a0 ey
FH mvdox* 5 i HY o

WAFRES tH—1 mvdo , FAT40E H R fAs & :
> (mvdo ((x 1 (1+ x))

((y z) (values 0 0) (values z x)))
((> x B) (list x y 2))
(princ (list x y 2z)))

(100)(201)(312)(423)(5 34
(6 4 5)

do HJE X H 5 E H 2 psetq W FIES 64 TUH G EREIE. H T & X mvdo, 77 B — 1 ZHMA
i) psetqe T Common Lisp A FEMLXFIEAERE, Fr AFRA T H OF —4>, i 1112 iR Bz o
A AR =R

> (let ((w0) (x1) (y2) (z3)
(mvpsetq (w x) (values ’a ’b) (y z) (values w x))
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(mvdo* (((px py) (pos player) (move player mx my))

((x1 y1) (pos objl) (move objl (- px x1)

(- py yD)
((x2 y2) (pos obj2) (move obj2 (- px x2)

(- py y2)))
((mx my) (mouse-vector) (mouse-vector))
(win nil (touch objl obj2))
(lose nil (and (touch objl player)

(touch obj2 player))))
((or win lose) (if win ’win ’lose))
(clear)
(draw obj1)
(draw obj2)
(draw player))

(pos obj) IR[EICFK obj MLEMIWAMME x, yo FEUGIIIHE =X RAALE EREHLTY o
(move obj dx dy) WRIFIAFE & (dr, dy) KB ER obj. REINFME x,y FREHBIALE
(mouse-vector) JR&[AILF Y i RS S AL E B ME mx , my o
(touch objl obj2) IRIFIE AN objl Tl LT obj2-
(clear) E A AKX Il
(draw obj) fE4HINLEZ ] objo
P 11,11 — Rl 3 R

(list w x y 2))
(ABO 1)

mvpsetq HJE KT = THER A mk1list (31 1), group (30 I1), LA AEIX B AE YA shuffle, JHHKAL
B3

> (shuffle (a b c) (1 2 3 4))
(A1 B2C34)

1E B mvpsetq, AT AT LUE L mvdo [, WA 11.13 li7R. Hl condlet —#Hf, X 72 H | mappend
KAHE mapcan’ LU GAE B HI 22 H o X mappend-mklist 52 A LA —HRI i — 2

> (mappend #’mklist ’((a b c) d (e (f g) h) ((1)) i
(ABCDE (FG H (I D

N T AT EREX SRR, B 1114 S — PRI R

116 TEEHEE
BRI SR TR — 775t 33— Ry PR B (e P . S sk (R A SR 1Y
BEBL b T/ LB AS B F AR Bl BT LAY 16 ‘5 aeaL

(defun fnif (test then &optional else)
(if test
(funcall then)
(if else (funcall else))))

FAMTATEAE then I else ZHCIAK A, I IX T HARARIPEAT, FrEA, I HYZIA

(if (rich) (go-sailing) (rob-bank))

VR TE JFRSCH mapcear, #% R condlet KAWL IR
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(defmacro mvpsetq (&rest args)
(let* ((pairs (group args 2))
(syms (mapcar #’(lambda (p)
(mapcar #’(lambda (x) (gensym))
(mklist (car p))))
pairs)))
(labels ((rec (ps ss)
(if (null ps)
‘(setq
,@(mapcan #’(lambda (p s)
(shuffle (mklist (car p))
s))
pairs syms))
(let ((body (rec (cdr ps) (cdr ss))))
(let ((var/s (caar ps))
(expr (cadar ps)))
(if (comnsp var/s)
‘(multiple-value-bind , (car ss)

, €Xpr
,body)

‘(let ((,@(car ss) ,expr))
,body)))))))

(rec pairs syms))))

(defun shuffle (x y)
(cond ((null x) y)
((null y) x)
(t (list* (car x) (car y)
(shuffle (cdr x) (cdr y))))))

& 11.12: psetq I ZAE A

AT LAB
(fnif (rich)

#’ (lambda () (go-sailing))

#’ (lambda () (rob-bank)))
I RFRATER SRS R IR A A — 1A Lo BATTH
T2 form , B A NS EE N AL SR E(ERY E'JEF{ EEEZ?T

(] A5 1 A 08 T IR T T IR A 22 RS U R A SR A ME — RO T B, T LA R JE Sl A 3Rk

AR AR H 254, H 52 ?%Uféﬁlﬁﬁﬂim_f EH, BRI LA AE T R A o 2] 0 A R
# mapc B2 dolist MR HIREA. Kk
(dolist (b bananas)

(peel b)
(eat b))

LRI M S 7o AN, IR B

Gl

(mapc #’ (lambda (b)
(peel b)
(eat b))

bananas)

EHEIBWER. (RERTEIRF nil, M /E& 1R bananas #13). &, TATH T LI forever S,
PR,

> G AATEHZHCE R AR R B AR AR B AR R T o BATATLAS — BN BB LB i RIA A BT eval.
T 2 eval WA FRERT” W20 193 TURIARRE
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(defmacro mvdo (binds (test &rest result) &body body)
(let ((label (gensym))
(temps (mapcar #’(lambda (b)
(if (listp (car b))
(mapcar #’(lambda (x)
(gensym))
(car b))
(gensym)))
binds)))
‘(let ,(mappend #’mklist temps)
(mvpsetq ,@(mapcan #’(lambda (b var)
(1ist var (cadr b)))
binds
temps))
(prog , (mapcar #’(lambda (b var) (list b var))
(mappend #’mklist (mapcar #’car binds))
(mappend #’mklist temps))
,label
(if ,test
(return (progn ,Q@result)))
,@body
(mvpsetq ,@(mapcan #’(lambda (b)
(if (third b)
(list (car b)
(third b))))
binds))
(go ,label)))))

] 11.13: do WYL AHEPERUA

(mvdo ((x 1 (1+ x))
((y 2) (values 0 0) (values z x)))
((>x5) (list x y 2))
(princ (list x y 2)))

JEIT I

(let (#:g2 #:g3 #:g4)
(mvpsetq #:g2 1
(#:g3 #:g4) (values 0 0))
(prog ((x #:g2) (y #:83) (z #:g4))
#:g1
(if (> x B)
(return (progn (list x y 2))))
(princ (list x y 2))
(mvpsetq x (1+ x)
(y z) (values z x))
(go #:g1)))

& 11.14: mvdo Vi A EIT

(defun forever (fn)
(do O
(nil)
(funcall fn)))

ANid, B ER R BA T L4 © M a M ARk Uk
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SR, ABAE B S5 3 B TR R R EE R 2 Wl R L forever A Z%: B 1IEH T
GOEMERE — N MM REHIE, FUERIMELMA IR MR ER IR AR TR B,
L HFEF G B EOI T LA AHIER TR XN E AR AR AT — 1R T
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G
il

"X

i

8 EH R, K RAZ R HAMBHMRES . setf MR HH—
B sett HIAA, SRJE LALAZON B ENTR LA sett HIZERTIZ Lo

BE setf LS IEMICIRINZIFAES T HMELIEAVER . N THGXNEM B rakhl—1
A RN Ao B ORE/ N TR %R IR Z AL ARG R TR E o 58 =FIEE YT 201
G ET setf WS TR, )5 — T B AT E LR H S Y setf ¥,

o ATHEER

hiit

121 &

WEZ setf & setq I B setf HYS—ISHAT LR s EOR I M AR fay F A A i«

> (setq 1st ’(a b c))
(A BCQ)

> (setf (car 1lst) 480)
480

> 1st

(480 B C)

TR, (setf o y) ATLABRARIK G501k o BSREZIRN o7 AEN K, sett IR LURAEIZHL
B, EIE T SRS A A R XD R AR — D2 (R RIT LUR) M5 IR 4 setf #it
ALITIN setqe AR —SHCE N EMIHA A4 sett WRRITEN MW= Lo T8 12
B H AL BT AR LURIT R
(progn (rplaca lst 480) 480)

KT A A ) 2 B A SR PR .. Common Lisp HUTA S FH B9 15 7] BR AL A TIUE SR, (34 cars
cdr.nth. aref.get-gethash, LA NBLE H] defstruct GIEEM T M KA. (SEEEM AR cure2 1955 125
Tl )

REFEY setf BN SHWIFEAWF A LEE. | UERDLHMN T —MEA NS IE . 72
P IR SCAR R AL AR AE T - — D A R, A ZERE R I AT 5 | IR A A B il — S A2 AT A o

BIATANAE N T, HET setf dn'5 H CHIZEN X PG AT LU A2 W00 2 W ISR A FE 7 o R4
T LAFE setf FTHANENWERRZ  Hfh—1 & toggle’,
(defmacro toggle (obj)

‘(setf ,obj (mot ,obj)))

LU AR

> (let ((Ist ’(a b c)))
(toggle (car 1st))
1st)

(NIL B C)

BTSRRI A o BOA A T RER AL RIS R el i i 2 s R B kg, 8
B R A/ IME_E BT e R T YRR USRS e AR A, oy — okl
AR IR AR AR

UEAE SRR, R AR

113
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(defvar *friends* (make-hash-table))

XA AR AR TR B th 2 me 7 36, Horp T I AR 21 ¢ B0 nid:

(setf (gethash ’mary *friends*) (make-hash-table))

AT A8 John %A Mary FI A, FRATTRT LATH :
(setf (gethash ’john (gethash ’mary *friends*)) t)
RXAMEBI A PIR IEUASIRAY LT, B ARRAE TR < PLAARARIEL, B A _E A AHRRBEE 2N
AT EE R T RFELTNFAL S GRS AT i IR ACHRAS OO i Bl A BSOS B A
AR A B R AR DI x F y RUBCACR &R AT AE A UL -

(setf (gethash x (gethash y *friendsx*))
(not (gethash x (gethash y *friendsx))))

VE K9 setf JEEE I Z XN FRIEXERM LA MEBANTNBIREE LT — DU, IR

(defmacro friend-of (p q)
‘(gethash ,p (gethash ,q *friends*)))

IR LAEIX T toggle HIVMINTT , FATHAT LA J5 (8 M & 2 BHs e A KHs o Wi Tad IR BEHT e e Y 1 )
AT LA
(toggle (friend-of x y))

7SS IR R o EATRELLIRAVAR PP RAFHSEERAL | [ I AR 15 BN . A RARES
7R Bl RS R L, SR USRI VR AR S5 44, AR 2 A it vl LAGE A set£ SRAE VRV B EE MMM TC R 1 1%
AR o

122 ZEXEGM

TR, BATRAIN toggle E SUEAIEHIHY:

(defmacro toggle (obj) ; wrong
‘(setf ,obj (mot ,obj)))

CREEIS 10,0 T REERIAY (R, B 2 ERE. AR ERISECHRIVER, IRATER 1. Heanid, 5 1st
R ARRINZR, BATRHS
(toggle (nth (incf i) 1st))

FHIRFEREREL S (i+1) DITR. FHIEE, MR toggle BUAERYE L, XM AT FRIT Ik

(setf (nth (incf i) 1st)
(not (nth (incf i) 1st)))

Xl 1 IR I EAGES (1+1) DITRIBEENEE (1+2) DITRII. FrLAEApG]

> (let ((Ist ’(t nil t))
i -1))
(toggle (nth (incf i) 1st))
1st)
(T NIL T)

WH toggle ZTTRHR

UV EN toggle S I FKIAAIHEAL] setf HE—PSEIINLE LIEAE . FATUIRAZ
FIAR N, BECEEM T4 RS &7 subform , 117 HIX 2 subform A EIIE A B9, AT T Ei0E
535 AR — RIS XA FH A A .
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T 5 2. Common Lisp HBE T — 1%, & T LABREN Bl 1 1 87 LS F sevt 1972, it
EREEAR. 20450 define-modify-macro, B2 — MSHL M U724 E I IS8 (1
WAL AR Z ), AR BB 3X A RO o T SO R A (e 2

] define-modify-macro, FATA] LME FHIXFEAE X toggle:

(define-modify-macro toggle () not)

FLRUE 2 A ESRIEE A (toggle place) HIFRIAI, NWIZSeHE place 18 E HINLE  IT H. , I RARAFAE
AR HME A val T HEBEH L (not val) BIE”. FHEFEX AN Hr 2 AL FOR )1 H -
> (let ((1st ’(t nil t))
G -1)
(toggle (nth (incf i) 1st))

1st)
(NIL NIL T)

BARIXA A IR TCIR A T 45 R (BEART LSS E ML, BT setf fl setq ME X HSEL
Hoin i AR, toggle W W . FRATAT LUEI R 7 (modify-macro) HYEEAM FE S — 7%, kIR
TEXFREES), WA 12.1 7R

(defmacro allf (val &rest args)
(with-gensyms (gval)
‘(let ((,gval ,val))
(setf ,@(mapcan #’(lambda (a) (list a gval))
args)))))

(defmacro nilf (&rest args) ¢(allf nil ,@args))
(defmacro tf (&rest args) ‘(allf t ,Qargs))
(defmacro toggle (&rest args)
‘ (progn
,@(mapcar #’(lambda (a) ‘(toggle2 ,a))
args)))

(define-modify-macro toggle2 () not)

B 12.0: BAEAE AR R B2

123 FHISCATHR

AT 25— 20 B S T E N, AT AT U S TR . XSS ] T2 A0
H2HRE AL 45 setto

Kl 120 HAEUNET setf BIHIZ. FH—1& allf, mﬁﬁﬁ?fﬂ%ﬂ MG Z A LA, nilf
et SRR T ELEN, BN A SEOLE N nil fl . BIRXLLAR G (HETTE5EH .

il setq —H,setf W LAEZ L NS5 —RIxC ktﬂihﬁﬁﬂrkj$ﬂXTfLEqﬁ§

(setf x 1y 2)

LTS TR AR ARES), M HA ML R RSB i LA T o SRR B 2 A gl ia it
N nil, AT LA ]

R R RELA 1+ B (lambda (x) (+ x 1)) BRI LA,
SR AT Common Lisp #7f (CLHS) 5L 2R define-modify-macro fll define—compiler-macro M5 =S4 H

WIS

\\\

R LME
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(setf x nil y nil z nil)
[[IEeB At
(nilf x y z)

WATT o B DA WG AL toggle: EM nilf AL HAHNSEXENRAHEIN.

XA TR T IR EERAERF Y — 2o AU TN I AR B R A i — AR A, T X
MRVERF S RITIL sets MR setq, XML, A HMIMNIC —F WRE - NMSEERT, setf KEERIT
B setqe HIT AWK ST, IEREIAT sett HY— etk , Bt MR AT b A ST S ] setqe

(define-modify-macro concf (obj) nconc)

(defun conclf/function (place obj)
(nconc place (list obj)))

(define-modify-macro conclf (obj) conclf/function)
(defun concnew/function (place obj &rest args)
(unless (apply #’member obj place args)
(nconc place (list obj))))

(define-modify-macro concnew (obj &rest args)
concnew/function)

P 12.2: )7 AR ERYSIFERAE

K 122 BE=AMBOMEBAIRS R ZE . 5 3.1 TR BRI

(nconc x y)

AIEE AT EE R, I B0 e
(setq x (nconc x y))

X — > AFE concf H T o HHFIAIY concif Al concnew Hi1% & H T 4136 75 — Ui 1Y push
Fll pushnew: concl1f FEFZFREE BB M—TICE, M concnew IREMIA , (H A A M iX T RATEY R HIY
At

922 RS KB AT LLEAFS AT LU Ak Y, A \-FRB XA A=A
égiﬁfgéé’define—modify—macro'ﬁlﬁ%ﬁf??E@,IEﬁﬂ conclf HIE Yo ¢ R 30 T1_EHY conct AYIE, XA
ZA A LU

(define-modify-macro conclf (obj) concl)

FE—FPEOUT, 18 12.2 A5 AZ BRI 66 o I SRR I HE 25 e AR 25 R ARE T 2K 19 77 2Ok iE 47
A8 25 ] push, )7 FF nreverse IX 193, FEFIFRNIIT LALBREHE LLAE S R 2T (2 | NN fE4 e
AL AL R B3 VR E S 2R R . Common Lisp A V522 T AT BUERAERF, 1M73& H 5 2 RO E AT I
FRATR, XARATREAR N T SRR RS S R e MR o

4 PR X AR AT Common Lisp FRIEXTIRAASINLME R, FRATTEANE LT PGl B KA LA - define-modify-macro [
BEASHRRREAF S

SPEH T 1E N nconc S — SN RN YL Wl RE nil B %3 R ncone FATZ JF 2 nil, MAZHE ncone £
RIS T IS A SHUNE.

SRR TE IR AN HT I P B BIRYRRE , Common Lisp ARiEH %A & X define-modify-macro M4 =24 n] LURSF5 Z 4
F AR R -k X BAE— A eR O A A 200 sR A B B S Ak i JRBEE R ELE T 2 R A28k A
1 define-modify-macro HITAILME  EAE Y, A TR
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124 EEZFNTHIA

FAEFT A T setf M ZZH ] LA define-modify-macro #E o HoUmid, B F AT E E L —
7 _£ AR EIR R R A T — A AR . N EZS inct (Y T T + 1Y setf 45 . 10

(setf x (+ x y))

Bom Az, BT A i

(incf x y)

WHE £ it BB B AIHE  inct REREIT RO + AU, 1T g W2 JRIT Ot i 28— 280 R ERT
AR o AN, 7655 76 T1 scale-objs HYE S A TLAUXFES

(setf (obj-dx o) (* (obj-dx o) factor))

B _f B R

(_f * (obj-dx o) factor)
FIRES B 5

(defmacro _f (op place &rest args) ; wrong
‘(setf ,place (,op ,place ,@args)))

ASEHYR, FRATTCEH define-modify-macro IEAATCIRHIAE S _£, RN R FHE ) AR B B R HRAEARF 2
71‘%@(? FEH

REHEE IR ZART LG, N T ikX 22195 J7 48 Common Lisp #2f T KAl get-
%ﬁe@mmm73% N AR R FFIR A T AR E HAE B E E e Wiy M ERIE R
T LA BT, FRATTRE T A £ X 2845 2

(incf (aref a (incf i)))

HIAT) LAEPH] get-setf-expansion I, AT LIS 2 FAME I R IF A 50K

> (get-setf-expansion ’(aref a (incf 1i)))
(#:G4 #:G5)

(A (INCF I))

(#:G8)

(SYSTEM: SET-AREF #:G6 #:G4 #:G5)

(AREF #:G4 #:G5)

RITIR BT ME 5 R IR AR fE 536 LU W2 25 S TR E. PRI, FRATAT DL AT iR T

(let* ((#:g4 a)
(#:g5 (incf 1)))
.

IXEEYRTE W IZAE Let* AN R— Bk, X LE1H form 7] RES S| JH BRI 1948 i o 55 = SMISE 1 MH
e 73— I AE BEARER B 7 SCEERRIER form.  HH T IRATEZEAX ME_LAN 1, Fr o2& Grens 1+
A

(Llet* ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
.

TR R LG B RS RR R get-setf-method, HIX M ERAL A NTEINAT Common Lisp AR¥EF T, 2 ML X3]13 Issue 308:
SETF-METHOD-VS-SETF-METHOD. HUCE /& get-setf-expansion,iX M EREHEZ P25, place AN TN environment S84 2

o ABJFHEHXFHARM get-setf-method [T —HEH# N get-setf-expansion, N AT,
SESAMMELFE R D HRITRIR. ERERIE R SRR AL (HHT N ILEA AT RE) 42 AL R AF 2 (B T REE



file:www.lisp.org/HyperSpec/Issues/iss308_w.html
file:www.lisp.org/HyperSpec/Issues/iss308_w.html
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5, get-setf-expansion I Al A 55 DU MEZ — D IRAE B RA A X B L AHEFT I8 EFRIT N T

(let* ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
(system:set-aref #:g6 #:g4 #:g5))

Iii,iz/l\ form g*%\%I%*%W%ﬁ@%ﬁ,ﬁﬁ%lﬁ%ﬁ@ﬁﬂi@? Common Lisp Priffo 1HH setf Hink |
XL R AE (BN AET AL RO SCT ENTAY A A AR PR T AR R SE B, By AR E A] £2
ﬁﬁmﬁ@ﬂﬁ@ﬁmgﬂﬂﬁﬂﬂmmmmﬁﬁm@%&mﬂﬁﬁ%ﬁ%m%%mswmm%VHﬁ
XHEHY R

IAE N SEN £ 9’5 W2, B 258 i A, JLPAIRATANA T LIT inct ISR 1G58 4 — .
ME—f) DXRRIE , A HHE Letx BAVERJE 1 form GLRAE 1+ 0 B 2R ERAKRE £ 2801
Lk H, B 1234817 _£f MEL.

(defmacro _f (op place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
‘(let* (,Q@(mapcar #’list vars forms)
(, (car var) (,op ,access ,Qargs)))
,set)))

(defmethod pull (obj place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
‘(let* ((,g ,obj)
,@(mapcar #’list vars forms)
(, (car var) (delete ,g ,access ,Qargs)))

,set))))

(defmacro pull-if (test place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
‘(let* ((,g ,test)
,@(mapcar #’list vars forms)
(,(car var) (delete-if ,g ,access ,@args)))

»set))))

(defmacro popn (n place)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(with-gensyms (gn glst)
“(let* ((,gn ,n)
,@(mapcar #’list vars forms)
(,glst ,access)
(, (car var) (nthcdr ,gn ,glst)))
(progl (subseq ,glst O ,gn)
,set)))))

& 12.3: setf [ HE R4

AR RIS TR 2840017 IR T BT, Z0 Tl nl LA 5 A (0 24 eR RO U
HaAofe (58 5.3 7)) BN eR%L. ° B foo MEATICAZALHIALER , FRATRT LA :
® GRIT , PAE R R WIS, TR DO FOT AAEEAZ M Common Lisp %11 F5E LA AL
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(_f memoize (symbol-function ’foo0))

B _£, WA TR HMEET sett HIZERIE Lo B, FATIAERT LM conc1f (& 12.2) 5 Sk

(defmacro conclf (lst obj)
¢(_f nconc ,lst (1list ,obj)))

Kl 12.3 A A HAL — LG - 2%, SRR T setfe F—1 & pull, B /& W E Y pushnew A
Ao EORIERT W BE 4 push Al pop KT 1 —EHYEEAIRE S . WIRE ERYBICRAE TR AR,
pushnew,EETEiZﬁD/\?Uﬁzﬁ\ﬁu%iggﬁﬁ,ﬁﬁ>pull D) A2 8 IR il DA 1) 56 B M B 25 T K o pull S
f) &rest ZHUH pull W LAEZ A delete A OCHE T 2L
> (setq x (1 2 (a b) 3))

(12 (AB) 3

> (pull 2 x)

(1 (A B) 3)

> (pull ’(a b) x :test #’equal)

13

> X

1 3)

PRSP AT DI AN 25 24 X R AE LAY -

(defmacro pull (obj seq &rest args) ; wrong

‘(setf ,seq (delete ,obj ,seq ,@args)))

ANid, W RS ELRY XA RE S, B [ sl 381 SR AR R SR AR R T B P e FRATTEL T LA pull & SR
faT EL A B RO
(define-modify-macro pull (obj &rest args)

(lambda (seq obj &rest args)
(apply #’delete obj seq args)))

BTSSR ) AN S — A28, BrEABAT TG LU SR P25 AT 250 X R R A5
EVNEFA

E@ﬁEFHHqull—if%gé%‘*4\%UQ§H@EE§ﬁ§3§&,??fié?ﬁ%??ﬁﬁ delete-if IMIF delete:
> (let ((Ast ’(1 2 3 45 6)))

(pull-if #’oddp lst)

1st)
(2 4 6)

XA BRI T 55— A R B R AR R R R RS, B AR R 2 N X R
o pull Fl pull-if HHIAIESELL T ENIH delete.

[ 12.3 Hff5— %2 popn, B A& pop HIHES T HITREATE MU FIZFR B —DIcE M2
RESE HH IR MR R 1751
> (setq x ’(abcde £))

(ABCDEF)
> (popn 3 x)
(A BOC)

> x

(D EF)

] 12.4 FEVEREXN ERIZEENT « WK x My A8 hE i HBRATEEERG R x AW MEH RN
A IR AFATRI LA
(if > y x) (rotatef x y))

EIERFRATARR, = A el o B 22 B AR S O A, e IR A U I K . 5 T T 5 X R
A, A5k sores RAFAIRTT o XN EHZ P HESRIERF ARG SR SRR/ s
CNTRE, LX) SRR R PR S ERERFRYEDR . R RRIEIE , 22800 LU i A i
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(defmacro sortf (op &rest places)
(let* ((meths (mapcar #’(lambda (p)
(multiple-value-list
(get-setf-expansion p)))
places))
(temps (apply #’append (mapcar #’third meths))))
‘(let* , (mapcar #’list
(mapcan #’(lambda (m)
(append (first m)
(third m)))
meths)
(mapcan #’(lambda (m)
(append (second m)
(list (fifth m))))
meths))
,@(mapcon #’(lambda (rest)
(mapcar
#’ (lambda (arg)
‘(unless (,op ,(car rest) ,arg)
(rotated ,(car rest) ,arg)))
(cdr rest)))
temps)
,@(mapcar #’fourth meths))))

A 12.4: — MHEFHSHHEE

> (setqx 1y 2z 3)
3

> (sortf > x y z)

3

> (list x y 2)
321

— AT, BT LR T i ERA . i cake A&— AR AL, B REIR B N BYEEEE ) 11T bigger
A FIXTERERT AR B WIRIRATAREHES T — DLE , 225K moe Y cake N5F/NT larry Y cake, M5
) cake A/ NT curly B, FATE W

(sortf bigger (cake ’moe) (cake ’larry) (cake ’curly))

sortf HE LHTRELEMM _f AL EL—1 let* JFIA, fEIX letx KB, Hl get-setf-
expansion & [F HIG A AR A AR E 2 | AR FIRIIATE b o sortf FIRZOJEH A B mapcon FRIA %3
R A AR AR X LB AR A TR o 2 WX A R AU e 2 B 22 B R O
Eiigfﬁo ZEﬂFF?ZZﬁﬁ,TL51§E§34§@§FH%B£§EE get—setf—expansion:ﬁi[]ﬁ@fbrnlgi%ﬁ%ﬁﬁio X B
B O(n?) BYEIEHET (B0 8 I EHESEEEE 21015 X DA TEH T o

B 12.5 25 H B2 sortf WHIEITA . TERETHEITY let* H, ZEFIE AT subform 4% M 7247
A /N HESRAE . 2 S5 HR L) = A 3RIB 0 il e B LA I A2 F MR, A T REIE 2 5 B BT S L ik
BB A FEERE DA =D ARG B AME = e RN ZA R IR E. S
AR DB XA AL, (B2 1 — 1 8 WSRO IZ N R W AT IRAEL | XA E AT TSRAE Y
P —E Y

ALERRAERE, 0 _£ M sorts , CAT S MBS RN R AL (A SE A M At o ATt ViZ N IR E]
CATREFERAFNARI . K00 find-if FREIEZ D RECOHEEE 20l _ (22 NE— 1%
F XL B — N FRIAR Y care ik _f il sortf AREEZ RENSE R TC AT RE. I, _f AT LAX
FESEIR :
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(sortf > x (aref ar (incf i)) (car 1lst))

JEIT (FEFE AT RERYSEILER) Bl

(letx ((#:g1 %)
(#:g4 ar)
(#:g3 (incf 1))
(#:g2 (aref #:g4 #:g3))

(#:g6 1st)
(#:g5 (car #:g6)))
(unless (> #:g1 #:g2)
(rotatef #:g1 #:g2))
(unless (> #:gl #:g5)
(rotatef #:gl #:g5))
(unless (> #:g2 #:g5)
(rotatef #:g2 #:g5))

(setq x #:g1)
(system:set-aref #:g2 #:g4 #:g3)
(system:set-car #:g6 #:g5))

% 12.5: —> sortf W HAEIT

(defmacro _f (op place &rest args)
(let ((g (gensym)))
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
“(let* ((,g ,op)
,@(mapcar #’list vars forms)
(,(car var) (funcall ,g ,access ,Q@args)))

,set))))

PRIEH (Cf #2+ x 1o (B2 _f FORMIBASAESA X ORI A DIRE, 11 H i T e AL P 2 445,
FIr VE IR W] U325 80 special form 445 Atfg + ARKE, HElnisd AR08 R LA nif (102 07)
> (let ((x 2))

(_f nif x ’p ’z ’n)

x)

125 TENXi#E

12,1 TR T N LI 2R AR R AT R TR A S AR R R AT A i
FARZE FUR 0 T B3 BT SRR o B (05 defsets, URAT LA Lisp A AHT R B B2
T SuR

B0 A R . FER AL T | & M SR B

(defsetf symbol-value set)

MR AEE )78, I8 4 defsett B HF] defmacro WHESH LML, BRI E — 25 HTE
HHE formo BT, FEAT LA car aE L—FF AT REAYI :
(defsetf car (1st) (new-car)

‘(progn (rplaca ,lst ,new-car)
,new-car))

defmacro fl defsetf Z A —PNEEH X J5& 4 AN HSHAN 4 1455 (gensym)o T LIHIZSE
HIAE X, (setf (car x) y) ¥EIFIK:



o
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o
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(let* ((#:g2 x)
(#:g1 y))
(progn (rplaca #:g2 #:g1)
#:g1))

XHRE, RATE defsets EITAFI LA ST UL, AN FAH LB N AR AL , B SRABL AR BRI 2 25 1
[T T
T crri2 Y Common Lisp H, ] LA $EH] defun 28 3 setf AU [RITTRTTAI A7~ it o] LAE R -

(defun (setf car) (new-car 1lst)
(rplaca lst new-car)
new-car)

BTHE R IZAENIX A KA S — 280 [RIFEFE SRS, o BZ 0k IME A A BRI [RAE

H BT IR R 7R IR, T S e W i A [ BR S A  A BB o AR B BT ikt 2 | iy L
NF Rz LN E WK H AT sh R A F] E T AR R . LA, AR AT 15 setf B9 TAETT =l
HRERIXHFE IEAS N, A A T8 LR A BRI 558, S0 b gk i 280t 1 & i
M place TENHZH 44,

MBS it sett A LATE—fBEAY, s access form FI'E HIE I ERAVERS G EL B 0] LU E R FRECHE 254 . (BR
FEREA Y B FRATAH LA B I BT R AT ok o X AT REIE NS T 1, 28R, M4 F A8 U
HB RIS 52 B 1 A SRR i FT RES IRAIRRCR B, R ESR A B B R A e 58 Z A3 E— 2K
P AR AL G | NGAF IR o

(defvar *cache* (make-hash-table))

(defun retrieve (key)
(multiple-value-bind (x y) (gethash key *cachex*)
(if y
(values x y)
(cdr (assoc key *worldx*)))))

(defsetf retrieve (key) (val)
‘(setf (gethash ,key *cachex) ,val))

K 12.6: — M HEXT R

BN *worldx & SLPR AR A . ARIEE N, RATEEME— T ICEN  (key . wval) TEHYKER
% (assoc-list) o 12.6 7R T — N retrieve M HIERE . TR xworld* /&

(a.2) (b.16) (c . BO) (d . 20) (£ . 12))
i IS7N

> (retrieve ’c)
50

1 car B9 AR, retrieve P HFFATE A — RS R E AL E . IR B R RESR B W72 LAY
—~o 1l retrieve MY, FIFE LAER 12.6 1, (LR ENHH—1

> (setf (retrieve ’n) 77)
7

> (retrieve ’n)

77

T

ZEWIRE T AME o, RIS AT HE TE R
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U E— R, ) SRR RO AR LR R AL X B I A E 2 R AR k. 498, A1)
MPARATREE A AHL 1 — L ] SO R JT 3%, (X LT 5 REAG 2 B AUHEAT SR B R Y o (B AN HERR
PAas ) A sets AT RENE , Bl A B E A H I BEHELA



5

o
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BT AT HE T LR A BB R S B EAT o ARZRG A 20 R IORT LA 2R (E 5 REBE e i — 2%
. 58 8.2 FIHIH TAELS ENEIE T (0 2 ORISR AR — T 614 (e ioe it i, AR, iy
BRAERFSCIURCR AT LA JRIT I SE Jl b 0 TAE o A B IRTARLE ST R I el RENE I o

131 HMSSATI R

(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

(defmacro avg (&rest args)
“(/ (+ ,0args) ,(length args)))

B 13.1: SR ER A A

5 8.2 R, Wi 20 ] REAE TSRS BRI I S ke AEARER AT B8R avg NI 1, B2
RS

> (avg pi 4 5)
4.047. ..

FEIE] 13.1 HHEHE avg & SUBEREL, S8 E T Z S E o 299 avg & UK, X Length HYIH AT LASE S

FEASE e FEZMUA IR T S T AEIS A TINAL I grest ZHUNTTEH. FrDIMEIFZ SR, B IR avg
SR

(defun most-of (&rest args)
(let ((all 0)
(hits 0))
(dolist (a args)
(incf all)
(if a (incf hits)))
(> hits (/ all 2))))

(defmacro most-of (&rest args)
(let ((need (floor (/ (length args) 2)))
(hits (gensym)))
‘(let ((,hits 0))
(or ,@(mapcar #’(lambda (a)
‘(and ,a (> (incf ,hits) ,need)))
args)))))

& 13.2: FERE AT 115

XA L T AR ERIT R E RS T BRI AE 2 H . EIE R LA TFE in

125
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(102 T0) HEEFTHI S — R AR, JaE H 0] LUB R E— 25280 [ 13.2 PA MW H] most-
of , BAEL BB AR N H N B e [m] 1L -

> (most-of t t t nil)
T

Flin — 8 ZZRUAR SR IT AR HER(BE T EEUE 240 B, (most-of (a) (b) (<)) BITHIEMN
A
(let ((count 0))

(or (and (a) (> (incf count) 1))

(and (b) (> (incf count) 1))
(and (c) (> (incf count) 1))))

FESEARRRFOUT , FOS R 2 2 HOR (.

(defun nthmost (n 1lst)
(nth n (sort (copy-list 1lst) #°>)))

(defmacro nthmost (n lst)
(if (and (integerp n) (< n 20))
(with-gensyms (glst gi)
(let ((syms (mapO-n #’(lambda (x) (gensym)) n)))
‘(let ((,glst ,lst))
(unless (< (length ,glst) ,(1+ n))
,0(gen-start glst syms)
(dolist (,gi ,glst)
, (nthmost-gen gi syms t))

, (car (last syms))))))

‘(nth ,n (sort (copy-list ,1lst) #’>))))

(defun gen-start (glst syms)
(reverse
(maplist #’(lambda (syms)
(let ((var (gensym)))
‘(let ((,var (pop ,glst)))
, (nthmost-gen var (reverse syms)))))
(reverse syms))))

(defun nthmost-gen (var vars &optional long?)
(if (null vars)
nil
(let ((else (nthmost-gen var (cdr vars) long?)))
(if (and (not long?) (null else))
‘(setq ,(car vars) ,var)
‘(if (> ,var ,(car vars))
(setq ,@(mapcan #’list
(reverse vars)
(cdr (reverse vars)))
, (car vars) ,var)

,else)))))

] 13.3: {8 dm i A RIE I 244

MRV HTE Z 3 Z8UE , L — FEA T REIN T B AR 2 g i b 7. B 13.3 s tH 1 IXHE
f)—1 7. BRE nthmost 32— MU n LLA— S IR MIELHI 28 m K REL, FHILAR 2 51 R A FF
CRMNEHIHRERGIH:
> (nthmost 2 (2 6 1 5 3 4))

4
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BREURA SRR . ENPIERHNT AR X HEFP USRI nthe 1T sort ABIAERT, nthmost 1£
B P 2 BB E HIAIEE . XA SEEL, (615 nthmost FE T TR IR : AT A Xt I EL A S 85115
Y BTG n 1o

WRFA AR RE n B, ST LA — DA M A A T 18 13.3 A B HAR AR E LT
BB nthmoste X MEMAYE ~MFHLIZGEEHE P28 WRE 2R | EAE—
AN E B RIT IAI F AT T A A AR R A o AR ES — D 2RO — R, A TAT LR 75—
Itio HETT UL, MR VRAREE — P 2 1 BLA8 = RRYARBGE T A AR AT MR I & B — BBk T R R R4
FHEBREE CHRAR =3, X MNMEEEIH 8. YRR ESEIAN T2 )5, IR T R NIARR
TR IREET T o 2R no—A/INEEL FF X i/ N O B2 IR A0 <Jexd e ATy 2t
FrHER” BYTTIERAEE , XA AT ALEAR ST 3 A5 2 AR B B AR B

(nthmost 2 nums)

JEIT Ik

(let ((#:g7 nums))
(unless (< (length #:g7) 3)
(let ((#:g6 (pop #:87)))
(setq #:g1 #:g6))
(let ((#:g5 (pop #:£7)))
(if (> #:g5 #:g1)
(setq #:g2 #:g1 #:g1 #:g5)
(setq #:g2 #:g5)))
(let ((#:g4 (pop #:£7)))
(if O #:g4 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g4)
(Af (> #:g4 #:g2)
(setq #:g3 #:g2 #:g2 #:g4)
(setq #:g3 #:g4))))
(dolist (#:g8 #:g7)
(1f (> #:g8 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g8)
(if (> #:g8 #:g2)
(setq #:g3 #:g2 #:g2 #:g8)
(if (> #:g8 #:g3)
(setq #:g3 #:g8)
nil))))
#:23))

4 13.4: nthmost HYJEFF=

R n ARG TR RIS . A2 E R RIT L, 260 T n 130, 28R nthmost-
gen KA LR E R E BT P TR, B 134 25 7T — BN EREI. BT REEIERN apply
HIZHAL I LAST , 7% nthmost AEAT A RIS AR o X HLAE AT AT ph 5 A i R0 R A
FEIBAT RGBT O, FF HAR n A/ NI R AR A AT LLRE D

MEE N TG R RR T S MBI AR, i 2 HE 40 X TARBIRIL, R AT RE R A ER . X
B2 Fr AZS P OAS B nthmost , FEZEAY JRUALZREA M) 1 B4 17— 1 J5UN) - 24 R e 2 A S
B E I VR AT LA Z5k A il R A o 275 ) I R AT RETE B TR ABARAS 2 D i, AR AR T
UM 22 085 1ok B — A m 8 ZE AR . 1T nthmost HYZZ RRUAREIC LS, & T E A A a3
BAMERRE . B, R TEAF N E , 4 C M EE B It — MERH SR R X
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13.2  Zfl ME/RMZ%

B with- 75 (58 11.2 799) T A 0 SR A0 22 SEAGURE D s e M2 7T 55 1Y, TS 2 DA T L A B Y
ST H. @RS TRASFIRE T2 ME R ERSEE WTREISA LS HHIE. (BRI
MR H A R 2R AT IR LS st L RE AR H A MR MRS R T -

ARATREAE D — A SE], J 7 25 Ay e DUSE IR 2R AR R o ISR il 2R B R A 2 E a3, R
PEATH A O AU AE R R AT W LA, ISR i 2050 BEIURE TR, A8 2R 2 80T g T LA
TSR EIZE AR T R, BATHU AT LLR T e S IR A B o X MOZ I AT OR AT
FERCH IR LA 7 U R B

5 DUIEIR i 2 i DA B —— WA s T I 1 o AR PSP I X8 fUE ST e BT
S 2 My AR SO R ARG R (20, yo) T (23, y3) , KABPIAERI A (21, y1) T (22, y2) , AP
P MNP

x = (x3 — 3x2 + 371 — x0)u® + (329 — 61 + 3x0)u* + (3x1 — 3T0)U + 20

y = (ys — 3y2 + 3y1 — yo)u® + (By2 — 6y1 + 3yo)u® + (3y1 — 3yo)u + yo

WRIRATH w AL 0 F1 1 Z ) n MERSRAEIE D TR FRATHAS B M Ze B n DRl 280017, R IRAT
AR 2RI A 20 SRR B AT w = .05, .1, ..,.95 KoRAETTFE . 0T w £F 0 B 1 _EASREEATE
B RN w = 0 BT REE — D (20, y0), M4 u = 1 EAMHG AR WG (23, y3) o

AR5 WEIATT RS n AEE, HHRRTHE n A0 SRIEH EATEE—D (n — 1) x 3 1%L
A I i e A s E SO 7 FRATTEE R AT DU S AR n AR R TTI TN, R AT LA B
JETFIE n S5 EIZA5S o ABLETUEIT EIF 1Y n AIFEEL, AT LLE R 8 51 _ERER A B 2 =08 AL
FORAAAEREH R T o

Bl 13,5 A — DL T IX— SRS T I Ze B i s . BT T 7 RV S SR | T 44 A Y s AR A AR
AR M8 B — 52, S — DS AE IR — KR8 I —URAEE N — ]
HITERRE « FEMIRIEIZLZ (8], 1K L8 fL IR AAAERE D I T

21 n =20 I, genbez JEIT K 21 1 setfo HIT u MTRECEFEHIAEAURS L FRATA T T ARSI
CATTEE, ARAE RSN RS AT . Ao R R B &R 5| DU S i e S B
FITLAXIARBLE (setf aref) WIS A ] LAFESm 3 5 o

13.3 A

JR T BB TR S PR B I e BT R TR ERE B HAp - MRIF A TR if-
match (166 J0)o FEIX 7 H G IC T 5 25 LR P e 81,y 37 R R] RE AT At A FE AR R A o, A6
DERCas 2 AT R AT AAAE R 281X LA SR Y 5 30, /T LIE N PRI o if-match HYIRTH IR AR T
S B — MG TR, HI U 21 A A b AR A DU RS AT MSAS B e — kst
W EER P81 AR I 1 AR X A R A A7 Y ARt G0 5E | AN A TAT CABUSOR 22 12 A I A A
FERE IR E B PR —— X R ELH, [ R DAEELIE R Lisp A8t AR H0E

55 19-24 T RHANIRANTE S  AERRREEE LA X 2 n] fE g IR UG B TR AR
TGy, P X L5 B M E AR AR 30 XM AL RS DS VR EX S
B AR 2 | H FBARF X LELY AR ™ 4w A A L2 At
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(defconstant *segs* 20)
(defconstant *dux (/ 1.0 *segs*))
(defconstant *pts* (make-array (list (1+ *segsx*) 2)))

(defmacro genbez (x0 yO x1 y1 x2 y2 x3 y3)
(with-gensyms (gx0 gxl gy0 gyl gx3 gy3)
“(let ((,gx0 ,x0) (,gy0 ,y0)
(,gxl ,x1) (,gyl ,y1)
(,gx3 ,x3) (,gy3 ,y3))
(let ((cx (x (- ,gx1 ,gx0) 3))
(cy (x+ (- ,gyl ,gy0) 3))
(px (x (- ,x2 ,gx1) 3))
(py (x+ (- ,y2 ,gyl) 3)))
(et ((bx (- px cx))
(by (- py cy))
(ax (- ,gx3 px ,gx0))
(ay (- ,gy3 py ,gy0)))
(setf (aref *ptsx 0 0) ,gx0
(aref *pts* 0 1) ,gy0)
,@(mapl-n #’(lambda (n)
(let* ((u (* n *dux))
(u"2 (*x uu))
(u"3 (expt u 3)))
‘(setf (aref *pts* ,n 0)
(+ (x ax ,u"3)
(* bx ,u"2)
(* cx ,u)
,gx0)
(aref *pts* ,n 1)
(+ (x ay ,u"3)
(* by ,u"2)
(x cy ,u
,8y0))))
(1- *segs*))
(setf (aref *pts*x *segs* 0) ,gx3
(aref *pts* *segs* 1) ,gy3))))))

4 13.5: A R /R HZR Y 2%
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BN
N
ot

R

5 9 B URARA AR N — Fh Al — M ER 2 40 F H R S RL A S A 3R . AR B s A it
PR AT AT S E A o MR BAT R A, — 28 IR 22 Te k5 ok

£ Lisp R /7 B, X P SR GE I - Ay A A — A U IR FHE R A 02, W R A3, (6
XAMEMIELE R A RAAFB A LR, I8 208 H AU
(let ((result (big-long-calculation)))

(if result
(foo result)))

MEE R RER 28 LEFRA UG IGE BACRE H 2

(if (big-long-calculation)
(foo it))

I AR, AT AT —A i AL T A

141 R FHTH

FEHARTE S B, 438K (anaphor) A& 5] FIX G 8 52 M FWAIFGETT e Sl ewy AR AT RE
BLE " T, BB AE “Get the wrench and put it on the table (/M TF, R0 E S _£)” B, fa2h
HER SR TR ERN — i8] T RA Bk A 4 — (HEEmEEF BRAR DI, AR
REEEE RN TIREE B RREREA &7 AL, 1724 A F G R 1 5 T B To i A Bk — 3
L

JUEINIE, A Lisp 7 51— IR AR T A BRAVATR , [F i fp b S B2 A W RERY . AUA, 5L |
R RIS o FATR] LOEE e @ RS LR EAT5E A SRR P9 B 25 S S X 2845 5
PR A AT o

FEFTIRAY if B 705 1o AR A TEZHIE XS . Anaphoric if, faFK aif , HE LUIT
(defmacro aif (test-form then-form &optional else-form)

‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

FaET B AR E

(aif (big-long-calculation)
(foo it))

LR aif B 755 it 2WGPERIMILFOR AR PR SR A2 AT, ic FHEALH B, HFHX
LA aif RIS, RIA (foo it) SBHBAT]—_LF3CH, 1 it MZPERALT % £

(let ((it (big-long-calculation)))
(if it (foo it) nil))

R MERAE UL RS IR RITHRE 1o AE R TA T AUREMER] TIXFEA, F I
Ao

131
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(defmacro aif (test-form then-form &optional else-form)
‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

(defmacro awhen (test-form &body body)
‘(aif ,test-form
(progn ,@body)))

(defmacro awhile (expr &body body)
“(do ((it ,expr ,expr))
((not it))
,@body))

(defmacro aand (&rest args)
(cond ((null args) t)
((null (cdr args)) (car args))
(t “(aif ,(car args) (aand ,@(cdr args))))))

(defmacro acond (&rest clauses)
(if (null clauses)
nil
(let ((cl1 (car clauses))
(sym (gensym)))
‘(let ((,sym ,(car cl1)))
(if ,sym
(let ((it ,sym)) ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

¥ 14.1: Common Lisp #/ERFHIFRIRASTE

Bl 14.1" £345 7 —2£8 Common Lisp /EAFHITRAAET o aif N IE/E awhen, R B2 when HIFEAIR
%
(awhen (big-long-calculation)

(foo it)
(bar it))

aif fll awhen #LRZH 2N EIAY,(H awhile FREZRX LR AL A AIME——4 BT B AL LB RYIE
T AR YL 26 while (GE ST 60 T1) BEZ I — MR, AR — MRFP A B5E 1 (poll) AN SMNERELE
JRAHE 2R 0L while Fl awhile IXAFAYZL AT LAIR B 7o 10 H., ASRARAESERS— D AR IR, BRARVRAR M
AR B BCOIRES , WK E 2 A8 AR IRR ARG B LAt 4

(awhile (poll *fridgex)
(eat it))

aand ME CATRTE ) LN 22 FEE 42—, BAE T —4 and BRI B 0GR E B 152
Z: it BV E B AT — S EUR I E o 2 FESEREH  aand WA T AEARLEA 55 1 A 1 O AR e 4
Fltmix & .

(aand (owner x) (address it) (town it))
CIRE x IHIAE (SRA E) L A 13E) BrE s (A 1iE) . MRAEH aand, %35
B HRES 1k

YRR (acond (3)) KR [ nil TAE 3. JE TN acond2 LA FIFER (Al
2 REMMTEVAE and F or MHELIFIE, ELBHRAMAR] or WA AE L. —1> or RiXXPHILS LA Y ERTHIK L2 K E
F nil ASPRAE, BTk aor IR =T 4L .
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(let ((own (owner x)))
(if own
(let ((adr (address own)))
(if adr (town adr)))))

M aand HYE SCATELVE & B RITUHBE 208 PP Y SE2 BCE AL . WPRBEAE S B4 aand, 1
BRIETHY and AR, W% AR R €0 N 2mB T A RIT 0, B PR AERER) aif fEH 74— )=
(aif (first argument)

(expansion for rest of arguments))

aand HYRIT DAL SRR — NS AL | TS RAG K 2 B0 T R BOIRFEAR S T, B3 nid A48 K.
fisf A B I e — BT T 2% EERH R AT R S I, IR 2 21 T 3 OB 2N T AR -
(aif <Cl>

(aif (cp)
t)...)
AR IR SRR ] ¢ 50 nid, PRI R TE 1978 4 T 1 B LA

55 10.4 9 EEL AR R SO AR A H A SR A R RIT IR A R Rk RO k. R
9% aand JEI AR (2 E AT XA, ROAFEREAE I R E R RITAASI ] aand.

)i —MFJ2 acond, BT cond FHIHH AT AL MK FE B BHER A & o (X TR
AR, LAZET Scheme %[ 4@t 17— Fi5 20K cond TSR HIR HIHE. )
;ﬁiacond.ﬁzfﬂﬁgﬁﬁ}?ftﬂg,ﬁmfﬁéﬁgﬁ‘*}?ﬁﬁHT*%@Q@%Z?%E‘*ﬁ\EE gensyn1éEﬂiE@§Ehiﬂg,Eﬂﬁ@f%j@ir
T it BGNE S E TR AR AR MR B X LG ERT BTN % SR A TR/ NV R R
XL T AR X B R RATE . TIXA> gensym, [Fl I ELHEAE it 40@ BN FA 85 R Lt Gix

1EAF
561K
-
(defmacro acond (&rest clauses) ; wrong
(if (null clauses)
nil
(let ((cll (car clauses)))
‘(let ((it ,(car cl1)))
(if it
(progn ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

A8 2 iv GBE RV At G 8 4 ALk

(defmacro alambda (parms &body body)
‘(labels ((self ,parms ,@body))
#’self))

(defmacro ablock (tag &rest args)
“(block ,tag
, (funcall (alambda (args)
(case (length args)
(0 nil)
(1 (car args))
(t “(let ((it ,(car args)))
, (self (cdr args))))))
args)))

K 14.2: HEZ TR

B 142 A HEGIREERALTY . 75 alambda /2 RG] @S R ELH o A2 R 2y
T 5| B H R S 2 FRAT T AE I #0 B9 A\-3RIA RS 51—~ R 4L
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#’ (lambda (x) (* x 2))

ETE A 2 B BARREAGASHE, (R REELHE M A3 RIS, ORI AL (R AT BY 1abels
FE SRR N EIX R CRE 15 1)
(defun count-instances (obj lsts)
(labels ((instances-in (1st)
(if (consp lst)
(+ (if (eq (car 1st) obj) 1 0)
(instances-in (cdr 1st)))

0

(mapcar #’instances-in 1lsts)))

Bz PRI, FR B IR TR A B S B AR )

> (count-instances ’a ’((abc) (darpa) (dar) (aa)))
(1212

LA IR, FRATTAT DO X 2 AN AR B 7 % )T PR 2L . alambda 25601 1abels SR OIHBREL, A0, X FERE AT
U ERZGEH TR L

(alambda (x) (if (= x 0) 1 (*x x (self (1- x)))))

i alambda FATHTLAUE L— P EM MUAH count-instances, 11 1 :

(defun count-instances (obj lists)
(mapcar (alambda (1list)
(if list
(+ (if (eq (car list) obj) 1 0)
(self (cdr list)))
0))
lists))

alambda S & 14.1 1 14.2 B HALZA—E, JFE L2 it, 1T alambda N1 self. alambda
S JEFT E— labels FKRIAH, MEX D RBAH, self HHFERIEAEE LAIHREL o alambda FKIE
AMEEERDIN, 1 A ARG IRATAZEN lambda Fik=, X 1L ] alambda A AAAD A S 15 o

IXHT M T AE ablock W& LHE &N E R block special form f)— PR ARRA TE block H
I, 2B RAE. FE ablock HALE—HF FUBAEIX B AR UCRIERT ARG it BEWEGERHT— 13k
A MME B,

XA . RERZ IHME ablock HIEARRITE , HEER AT RESALA 0] I S SR
AR RGP FR i & SR P IR T IR — MR S Hb -
> (ablock north-pole

(princ "ho ")

(princ it)

(princ it)

(return-from north-pole))
ho ho ho
NIL

IR, EA B T AR AR A TCIE T I A 545 2 55— LY I, #R bR 5
HARLERAHE T RIRFS o BN, TCIR aif BeHEIMEE i WAL R RER S B FRER )T o A5 0 HHEAE
ZRRE SR it AP BRI o B AR AT 5

142 K

£ Common Lisp 11455 nil HAf =H. EHEILCE - DEVIER, Wt
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> (cdr ’(a))
NIL

B 1 2SR LN, ni ] BRI IR, B i B

> (=10)
NIL

5, BRAGR ] nil LORK. #1an, N B find-if BIAESSRIR IS5 s — 0 2 25 8 Il 45 1A T
o WARBAKIGXFEAIICEK, find-if HRIE] nil:

> (find-if #’o0ddp ’(2 4 6))
NIL

ASERR , FAMITCIE WX RS Y B £ind-1€ BCDIR ], T2 B A2 B & 0 T nil:

> (find-if #’null ’(2 nil 6))
NIL

ESZEe  H nil REIN FORMEFN S P LA RECR 2 PIRG . F3L 1 X FETREAH Y4 77 (. SR,
F il SRFERRGEE— MR, FEAEERE —™ME find-if XFFRY KL, HIR R ZE 50T RE & A 1L
Yo

X Fir AT 3R A T A AR AR B R AL, 0 S a2 A fn] X4 AR ICFN i1 G [RE Y [A]80. h 1 i Rk A [a]
Common Lisp Z2/DRMIL T =F 775, L2 EIRIEVEHILZ AT, S AT &L TR Al — M FI 45 .
1, X 53 assoc MR MCEE I A AT JBRIDT ; 24 B0 T S 2 0% 1] oot ) [ A 27 242
> (setq synonyms ’((yes . t) (no . nil)))
((YES . T) (NO))

> (assoc ’no synonyms)
(NO)

F A RS WARAELL £ind-if HiORAYECSL, FATAT LA member—if |, EANHL LR [ X AT, 1M
AR LAZ IR TR R cdr:

> (member-if #’null ’(2 nil 6))
(NIL 6)

H M2 FIR [EEHE A 2 J5 XA PR 1 05— s 58— IMEARER R , 1 58— MEHR K
DR RN WER gethash # LUXFT X TAE. B REGZREIRAME, 58— MEARRZHHRE T 4K
g

> (setf edible (make-hash-table)
(gethash ’olive-o0il edible) t
(gethash ’motor-oil edible) nil)

NIL

> (gethash ’motor-oil edible)

NIL

T

UARARAREAG BT AT =Rl T RERYIH L, AT LA ZRABL R 1T 95 5 -

(defun edible? (x)
(multiple-value-bind (val found?) (gethash x edible)
(if found?
(if val ’yes ’no)
’maybe)))

AR AT DAE R NRTE SRR X 0T T

> (mapcar #’edible? ’(motor-oil olive-oil iguana))
(NO YES MAYBE)
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Common Lisp I8 37 555 = i 38 78 Je MUY 77 325 10 U5 [R] BR A0 52 — DR R W R AE A S 480, — 2 H
> gensym , A5 AR R MCHT I ABIR XX G o IXFITIEHH T get, B — D AIESHCR SRR YR E R
PE A B IR [B] AR -

> (get ’life ’meaning (gensym))
#:G618

WA LA 2 HIR [BME, A8 4 gethash T B REIE R FATNEZS A get IFE, ARFDUI
MR BN — D28 FEEM IR ML, 2 B BME RS A 7T LALE find-if JR[H]
W ME, T gethash ZIRNATREFEAE consing FYE L 4% FE 5 iR M TCE LRI #I5R o IXFETEGR S #re H T
AR R AL, BEE T A AT BE R M HAE S5 I, 183 R gethash WY JT & I —L8,

(defmacro aif2 (test &optional then else)
(let ((win (gensym)))
‘(multiple-value-bind (it ,win) ,test
(if (or it ,win) ,then ,else))))

(defmacro awhen2 (test &body body)
‘(aif2 ,test
(progn ,@body)))

(defmacro awhile2 (test &body body)
(let ((flag (gensym)))
‘(let ((,flag t))
(while ,flag
(aif2 ,test
(progn ,@body)
(setq ,flag nil))))))

(defmacro acond2 (&rest clauses)
(if (null clauses)
nil
(let ((cl1 (car clauses))
(val (gensym))
(win (gensym)))
‘(multiple-value-bind (,val ,win) ,(car cll)
(if (or ,val ,win)
(let ((it ,val)) ,@(cdr cli1))
(acond2 ,@(cdr clauses)))))))

Kl 14.3: ZMHIRICE

1 edible? B Y T—FHICIKHIAE , E A IR IFHO SR T K e X T2 gethash iX
FERYTT R B, IR T B DT aif, E0EMMELHY R RAFE R —ME, & 485E 58— ME,
FMREE —ME e X DFAK aif, FRN aif2, B 14.3 Ze S, AT LI edible? Hik:
(defun edible? (x)

(aif2 (gethash x edible)
(if it ’yes ’no)
’maybe))

& 14.3 I35 awhen, awhile, fl acond HIZEMIEAIA . 14— MEH acond2 HIHIT, W 165 UL
Fmatch B5E Lo (XA FATAT LA — cond B AR FER | 5 M pR A0 AR 15 5 K9 Hoai />
XPFRIE o

W read TE/REHIRINTT A get Al —Hll. B2 — P HLNESEORULIHTEIB S eof I & 1A,
WERAEE B WR B E . B 144 TEEH T 73— DA read, EHE —MREHETE R KM . read2
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(let ((g (gensym)))
(defun read2 (&optional (str *standard-input*))
(let ((val (read str nil g)))
(unless (equal val g) (values val t)))))

(defmacro do-file (filename &body body)
(let ((str (gensym)))
‘(with-open-file (,str ,filename)
(awhile2 (read2 ,str)
,@body))))

& 14.4: XHFSEHT A

IR PAE, 730 2 d A ZR IR N — MR, 5 2 eof BT, X MR E AL nil. B —1 gensym %
%5 read, /1 —iBF| eof LRI E XL T EIRIH read2 NA4iE gensym BRI, 1% BRECHE 8 S —1>
AL, A H A — D 2w A2 ) gensym HYFAA 5 DL

14.4 HIRA —A 7%, E R LT R0 P — S0 R A R IA A XA 202 awhile2 il read2 5
e 27 5B do-file, FATAT LAXAESLI 1oad:

(defun our-load (filename)
(do-file filename (eval it)))

143 5| FHiERR (Referential Transparency)

AN RIEREBIR 75 HZEW], Gelernter ! Jagannathan & X & 5| HIE T :

—AEE A A ERE, AR () R R E ] U — Rk, R RE
TR MEARSE, IF B (b) EL5 I LT 3CH, B RIS A R — G BUE AT ] o

EEEX ARG S AR . BOA Ml RERHE S 25 HEWR. £ N rRE

H

(1ist x
(setq x (not x))
x)

B MHRSE—A x A AREE, KA setq T 1o UK, IR HAG . JX—FLEK%
& Lisp A5 HIEWIH.

Norvig $2 2 , #4181 £ FFTE UK HXFERESARTTE
(defmacro if (test then &optional else)

‘(let ((that ,test))
(if that ,then ,else)))

1H Norvig 75 & HIEE T , B 1IEZ AR ZBIR 151 HIEW -

JERE X B LB i 2 R ST N BARAERY AR RO B AR _EiiiE Py
(b) FAESR — N ERIAF “TELE M LR S0 AU R MR I (E . AR EAEIX N 1et FIB Tl
AT,

(let ((that ’which))
L))

Fi5 that o B, DY let gUEAUN TR HH EF 3.
WA RIS RAE T, EEE T i, 1 if BUAESF R RAOREEER BT LR SR, RIS
TR B O AT, R TN f#E . (R4 core2, B8 X if BURIEER. ) BT aif E LAY —H8
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Pt VA a1 0 ol N S = € 5 il N I R e b T N TGRS /55 s ep- SR 1187 NG W E By
i

WAE Jaif BHSCIET 10— DN BTG HIEITCRK B ANE AT 278k i sy i A2 B % AR TR
FAS B REARA i ok e ATTHIARDS 1et IR BIH MR that 4510 — D, WRESAH
FOS I, = aif BIAIAT it F0EMIA AR BN X BEA— AR ER P aif
AN 7T — DAk IF HEEX A o2 AT aie AME—HH.

Common Lisp H O AN BN ZE A AT G R M . cros B4l call-next-method HJ4H
SEARHS R X TR aif BRAUAT RS it B99RE T U2 — 1. (5T call-next-method W AN{A 5k
B — 75, T 249 TT_ERY defmeth 2o ) AEARMIEIL T, X FMI A2 H B HA — 1 fE e
FrA Attt IF HATA0R S LA BEAE 2 )33, IR AN B ATk 23 AR ) DR AR A



BN
ot

i [2] BR £ HY 7

55 LA T UG S IR 0] eR BT PR A 2% B (A 2E 5 4R AR R I I AR B SR AR A1
ANEDRG A B AN R] FH Z5 AR I i G 25, SR SRS H AN 2 5 B FLIE LA IR LE T SR S A, (EL 2 P 25 2 BEL T
TR o

15.1 ERERIHE

A7 f g YIRREL N f o g(z) = fg(w))e 28 5.4 17N o SEILH Lisp BRELHY J5 5, IX > R AL
£ compose:

> (funcall (compose #’list #’1+) 2)
(3)

(defmacro fn (expr) ‘#’,(rbuild expr))

(defun rbuild (expr)
(if (or (atom expr) (eq (car expr) ’lambda))
expr
(if (eq (car expr) ’compose)
(build-compose (cdr expr))
(build-call (car expr) (cdr expr)))))

(defun build-call (op fns)
(let ((g (gensym)))
‘(lambda (,g)
(,op ,@(mapcar #’(lambda (f)
“(,(rbuild £) ,g))
fns)))))

(defun build-compose (fns)
(let ((g (gensym)))
‘(lambda (,g)

, (labels ((rec (fns)
(if fns

‘(,(rbuild (car fns))

, (rec (cdr fns)))
g)))
(rec fns)))))

P 15.1: 8 1 T A R L 2

FEATT o FRATH BT ey 22 K 8 SCEE I Y BRI BSURA 1 4% 15.1 FaE— 440 £n A ] R AU IE
i, ERES I & ARG B AT, ESEIZE TP (operator . arguments) HIZRIA
o operator AT LA — P BREEZ 1 447, AT LU 2B XRIRIFF composes Arguments W] LU #52— 4>
SRR B RN AT B R TTVEN £n Z83R5B0. flan,

\

139
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(fn (and integerp oddp))

P AT

#’ (lambda (x) (and (integerp x) (oddp x)))
IR

W AR compose HVEIRVESF (operator), FATHLAG 2] — D G S8 E & 515 2 0 R &L, HA TR 2
1% compose #iE A PRELABFEN B funcall #H. Flan,

(fn (compose list 1+ truncate))

JEIT K :

#’ (lambda (#:g1) (list (1+ (truncate #:g1))))

JEFE SCVERS 1ist A 1+ X R SRR AOHA T N BRI 156 o £n 2532 — RS L ERIRAERF 2400 AR08t 2
RV, B

(fn (compose (lambda (x) (+ x 3)) truncate))

LN

#’(lambda (#:g2) ((lambda (x) (+ x 3)) (truncate #:g2)))

ETCHE] IX B A- %% A FOR I BRAL N PR, B2 45SH] sharp-quoted Y A\-ZB 30 ENZEL %
45 compose, At A 13181 funcall WH 1o

54 TR T BIN=AREAGE SR E S £if, fint, AN fun. XEERREIIAEMESE— 3] 7 1 H
B fn 250 fHH and #RERPE A — D SEERERF IS4

> (mapcar (fn (and integerp oddp))
’(c 3 p 0))

(NIL T NIL NIL)

1M ox FRAFRF I A -4«

> (mapcar (fn (or integerp symbolp))
’(c 3 p 0.2))
(T T T NIL)

I H it P AEReREL, HeR B AR AT Y
> (mapl-n (fn (if oddp 1+ identity)) 6)
(224466

ANid, FATR] B R BN LURT BT =

> (mapcar (fn (list 1- identity 1+))
’(1 2 3))
((012) (123 (234)

I H £n FIEXE S BRG] LU RE

> (remove-if (fn (or (and integerp oddp)
(and consp cdr)))
(1 (ab) c (d) 23.4 (e fg))
(C (D) 2 3.4)

X HER £n 8 compose VNI L FIALBE , (E 2 AR OF AT RSN S22 Y T RE. JRAR
EHRENSHAEL £ AT LIS REI S 5. B,

(fn (list (1+ truncate)))
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TPk :
#’ (lambda (#:g1)
(list ((lambda (#:g2) (1+ (truncate #:g2))) #:g1)))
XY T
(compose #’list #’1+ #’truncate)

A compose FMALFREY H By, FUR N 1A mX B R .

152 {E cdr L83

55 5.5 F1 5.6 TN T AR 4 55 HATE 08 U PR AR BRI S 33 R R PR 2R O R AT 25 AT AR B
JE SRR — 1 BRI A4 LAY
5 5.5 RN THMATE SL—DHRON 1rec B T-FI5888 04 8Id 1rec, BATAT LK N X A~ s 4L -

(defun our-every (fn 1st)
(if (null 1st)
t
(and (funcall fn (car 1st))
(our-every fn (cdr 1st)))))

MM oddp YT R :
(lrec #’(lambda (x f) (and (oddp x) (funcall £)))
t)
FEIX B P LR FRATE Do DA 1 3R0E— B JH eR 48, B e 32 Ul 1 A8 MR LA i e e R
it RIS HTINZREY car, HFH rec FaAUE TP IR ATRATHEAT T E R IR 1L
(alrec (and (oddp it) rec) t)

B 15.2 HaE LR Z2 it SR F FRAT XA

> (funcall (alrec (and (oddp it) rec) t)
’(1 3 5))
T

XANE AR — B R AL AL 25 1rec MRREL, HIX R 7 R SCHThRE. T
NSHATRESIEIT R MBI it 5 rec, BRI, 7222 AP BL | R A0 S5 A BT Ak A PSSR0 20025 A i S
SHESTGPAE -

s b B 152 FEBDAFE A alreco HI ] H A 19 A 7 5 H 20455 %% (symbol macro, I
7.1 ). HT HARHTH Common Lisp MAA LFRAF5 71 AR 152 BAIRHEE T —MHEZ A
AT ER) alrec A, HH rec #E U — M REB AL (AN, rec TENRECH S APALERE 5 H .

(alrec (and (oddp it) (rec)) t)
TESZ+F symbol-macrolet ) Common Lisp SEHLHL  HEFE H A I ARAS o
Common Lisp A7 (4 R £ 44 25 8], XA X 2834 A 18 v SO 44 BRI A AN -

(setf (symbol-function ’our-length)
(alrec (1+ rec) 0))

B 15.2 e — AR HAYEE N TR I R E R 2. {58) on-cdrs, FRATAT LA FE S

(defun our-length (1st)
(on-cdrs (1+ rec) 0 1st))

(defun our-every (fn 1st)
(on-cdrs (and (funcall fn it) rec) t 1lst))



142 % 15% BEHKHE

(defmacro alrec (rec &optional base)
"cltl2 version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(symbol-macrolet ((rec (funcall ,gfn)))
,rec))
,base)))

(defmacro alrec (rec &optional base)
"cltll version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(labels ((rec () (funcall ,gfn)))
,rec))
,base)))

(defmacro on-cdrs (rec base &rest lsts)
‘(funcall (alrec ,rec #’(lambda () ,base)) ,@lsts))

& 15.2: w6 A51 L/ 7

(defun our-copy-list (1st)
(on-cdrs (cons it rec) nil 1st))

(defun our-remove-duplicates (1lst)
(on-cdrs (adjoin it rec) nil 1lst))

(defun our-find-if (fn 1lst)
(on-cdrs (if (funcall fn it) it rec) nil 1st))

(defun our-some (fn 1st)
(on-cdrs (or (funcall fn it) rec) nil 1lst))

& 15.3: F on-cdrs £ X Common Lisp PREL

[ 15.3 FHIX D2 a3 T )L E A ) Common Lisp BRAL. 18 on-cdrs HYFRIE T2, X LE R %L
R T A TRARARIE A, R A R e, FA T AR 2 E TR B 2]

K 15.4 A —S A SEH T H F-ATaT LR T # A on-cdrs K& L EAT. Bf =1~ 5/ unions,
intersections, fll differences, B 150 HISLEL TG HIIF 50 AN ZERI#RAE. H9X Common Lisp A
BRBCAEII T XS HEAER A RE TIPSR XA IE, ARIRNTARE R =5 R 1 IF
RIS

> (union ’(a b) (union ’(b c) ’(c d)))
(A BCD)

B unions MI1TAF union FL, (HRTE RERE AL B IS B, IXHEFRNTH TR UL :

> (unions ’(a b) (b c) ’(c d))
(D C A B)

Ml union —#f, unions HARFFRIIATIR PHITTRINT o
TE Common Lisp Y intersection fIBEIHM Y intersections Z [AHLAEFFERIK R, TEXAEREL

YR XL R CEAE AL, J LA R EA T Common Lisp SEHL (B T GCL, GNU Common Lisp) #3524 ANSI Common
Lisp #7if — 1 crre2 ML, JLPFIA 2
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(defun unions (&rest sets)
(on-cdrs (union it rec) (car sets) (cdr sets)))

(defun intersections (&rest sets)
(unless (some #’null sets)
(on-cdrs (intersection it rec) (car sets) (cdr sets))))

(defun differences (set &rest outs)
(on-cdrs (set-difference rec it) set outs))

(defun maxmin (args)
(when args
(on-cdrs (multiple-value-bind (mx mn) rec
(values (max mx it) (min mn it)))
(values (car args) (car args))
(cdr args))))

4] 15.4: H on-cdrs & X H#TSLH T H

A L, A T SRR AERIT IR YT I T X TR ZH00 null M REE G P a8 48 B Ja i
AR AR

Common Lisp A —"MHH set-difference WAL, B2 W MFI5  IFIRIEE T — 1M ESHEAR
BT AEGHITTR:
> (set-difference ’(a b ¢ d) ’(a c))
(D B)

FRATTHYHT A AL B 22 2 Ay 7 U - Al —$ile B0, (differences x y z) WL T (set-
difference x (unions y z)), @& MNEJFEIFET EAM cons.
> (differences (a b c de) (a £f) (D)
(B CE)

B AR SRR B T o 3T AT SRR, FA N B reduce EL4AEALTE LK
SEf5) 7 Fr R BB 2 IH B R B B Bilan AN

(unions ...)
3, VR AT LS

((lambda (&rest args) (reduce #’union args)) ...)

BRI FE—BEN T on-cdrs [ reduce B HIRET 5%

KA rec fala A& — AT AE— M, I LAFRATAT LA on-cdrs R OIELR B 2B A K5 14 15.4
Wl Ja — A BRAL, maxmin , P FH X FA] BEPEAE— R 51238 13 Hh R] I 4k B R AR/ NI TT 2R
> (maxmin (3428516 7))

8
1

Ja T AR AT LA | on-cdrso I, compile—cmds (5 216 1)

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
“(,@(car cmds) ,(compile-cmds (cdr cmds)))))

R LATR] B SOR:

(defun compile-cmds (cmds)
(on-cdrs ‘(,Q@it ,rec) ’regs cmds))
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153 7EFif L3I

AR FE LT R H A 7P b —FEnT LU I B 5 e ke AT B RATHZZ RS 5.6 17
LB SR 2 SR A RE I
TE 5.6 17 HIRATE ST P REHEIVATIERS , 7051440 ttrav Fl trece B E& M SE MM 5EH D)
RESE N E 2% (B E RVFIRIESEBIAPE LI AL. (B IXLE k£, 3 A0 LAE our-copy-tree
(defun our-copy-tree (tree)
(if (atom tree)
tree

(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

KB
(ttrav #’cons)
fM—"X%f rfind-if

(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)
(or (rfind-if fn (car tree))
(and (cdr tree) (rfind-if fn (cdr tree))))))

AR, B0 oddp, FT LAZRIR K -

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’ (lambda (tree) (and (oddp tree) tree)))

Anaphoric Z A LIA trec S — N BEAFAYEE O R AT — T ENTXT 1rec FrsAYARRE. Z5 2 — M
AR XA ZER L RES Rl AR A5 2 =N Z- 04 - S AT AT AEm, JROTFRZ N de s BB A R /e 10, 34T
FRZ A 1eft; LRGE A TREA PR, RATRZ N righte A TIXLELE LIS, A TEEIIZ AT MG R T I,
JFHRT 25 R SR i T Y PR

(atrec (cons left right))
(atrec (or left right) (and (oddp it) it))

K 15.5 A& AR E o

ZE%iéisymbol—macrolet %Jqu>miﬂiqj,%%ﬁ]EIEiFHE§ 15.5 HHYER 28 ORE X atreco IX Ml
AN left Fl right & SUBURHREL, FTLL our-copy-tree LA/ ik
(atrec (cons (left) (right)))

h‘i?@ﬂ,?ﬂéﬁ]tﬁ%)‘é?*ﬁ\ on-trees %,Eﬁﬁﬁ*%iﬁ/‘] on-cdrs fH{l. & 15.6 {B/8 T JH on-trees
FESCHIPYANAE 5.6 717 BLAE ST BRI AL

TEHEE 5 25 BRI 55 B A3 U A s 1Y BRSO R R R TY  JH on-cdrs B on-trees
S B B ROR — RIS FURIEHY trec Fl 1rec —BE, X722 3 B T UM LI R
ARG R B SNy, RTINS 5 B AR O R  FRATAT LSS 5 sRBU AR il , SR G A
CATRI RIS AL O o FIRERY BRI — R TT LU AEAG IE AR LE RE RS 7 A 5 ol s 8RR K2R
Lo

154 [1BEMHKE

Vo RAE R, U S RT EA BRI, A RREE . (ERMEMSRIER T —2AiE—F
W delay BIX% o Delay /2 N RIAXAMERIERY . BREFE—DA&E, B RS R FRERIE, LS
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(defmacro atrec (rec &optional (base ’it))
"cltl2 version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(symbol-macrolet ((left (funcall ,1fn))
(right (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro atrec (rec &optional (base ’it))
"cltll version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(labels ((left () (funcall ,1fn))
(right () (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro on-trees (rec base &rest trees)
‘(funcall (atrec ,rec ,base) ,Q@trees))

P 15.5: FER_E s T 0%

(defun our-copy-tree (tree)
(on-trees (cons left right) it tree))

(defun count-leaves (tree)
(on-trees (+ left (or right 1)) 1 tree))

(defun flatten (tree)
(on-trees (nconc left right) (mklist it) tree))

(defun rfind-if (fn tree)
(on-trees (or left right)
(and (funcall fn it) it)
tree))

15.6: | on-trees 7& X IR EL

FEAMME R, BT IX A REA S & Lisp MR, MM EAERMERAGIH , B85t 68, — Ak
o FrLh, —HATE delay # AR FIEE X MIE.

Scheme & T X delay [9374F. Scheme HIH#AERF force Fll delay #i/& ALK . H Common Lisp
93, AT LA ] 15.7 W70k SEILIX W N RAERF . o 48 delay ZR7R T — A B 70 F i O S5 FA A4
B FBAE delay T CEPCKIE T, R ZMTHAIR X ME. H_AFBRNE e, HHE
AETR 1% delay FTAERIIE. 7% delay #sz— PRk =, HFiR o —MUFKZ KA UERY delay:
> (let ((x 2))

(setq d (delay (1+ x))))
#S(DELAY ...)

LW delay B4, 5015 force IX 1™ delay. BRI force HAZ AT RN G 6 T 18 X 4 Bl
/& identity BREL, (HXIT delay, BA2XT delay AR AIEIE R

> (force ’a)
A
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(defconstant unforced (gensym))
(defstruct delay forced closure)

(defmacro delay (expr)
(let ((self (gensym)))
‘(let ((,self (make-delay :forced unforced)))
(setf (delay-closure ,self)
#’ (lambda ()
(setf (delay-forced ,self) ,expr)))
,self)))

(defun force (x)
(if (delay-p x)

(if (eq (delay-forced x) unforced)
(funcall (delay-closure x))
(delay-forced x))

x))

4 15.7: force Ml delay IHSEI

> (force d)
3

TR iy, A BT AL AN A T REZ delay, LNV i H] force MATE . HIAN, WIARIKATIEAEHFFHI5IE
AIRES A delay, IR AL EEH

(sort lst #’(lambda (x y) (> (force x) (force y))))

BOX BN delay AT LR BRALIRM AT, ENTTRESIE T 7 — g RZ T



AR BT TR B H ZOT R G X — XS T 22 AR A Bt —FEE o ISR SE X
FEIE B HBARL, AT AT RE S — DS R R A B e AT IR =€ SUR BB 7 — S ok
TE S AR 75— FRAE ST IR 88 =N IR E SUAE 14.1 TR ZEAYARFHR R

16.1 48R&IE

T B (A I P S E N 45N 1B . — 2% Common Lisp BRAEMF A FHY 2 Ko BATHEMAR R
BN & destructuring-bind, ik 18 4 F.  Steele JEI (29 TU) H— D EBAEIL &, HHTY
AR ROZ B R Y 245 (CTRATIA IS B JBOA AR, w050 I DRt JRATT R — 2 45 <+ sim]
LIRIRE. ”) WE destructuring-bind Z 5| A T — M4 2  (HELERENE _EAFH B TTikp e i
PTIRRT

(let ((a (car x)) (b (cdr x))) ...)

(destructuring-bind (a . b) x ...)

FIHT EVH AR A SURMAOL, RR FPAE AT A A AR BB 70 YRGB A S BB o Y BRD ZF YRR
RBNXAAE R 53 2 — I FRATHOT IR TAFAE T .
SEISHY R AER Lisp IXFEATE T BARTE RIA L EIORIZ it g Mg . HEDELT
(defmacro dbind (&rest args)
¢ (destructuring-bind ,Qargs))

R AL ERI A2 T T o AT FHERK AR I nultiple-value-bind /& —FEHYIE
I,

(defmacro mvbind (&rest args)
¢ (multiple-value-bind ,Q@args))

=] dbind Ml mvbind FIE SUR(TEERIFELL. HSE, I IX R rest FIIES at (9IS, s D& RE (T
B R 22, 83 special form SE SCHAEREIE T o BESRTRATATLALE— 228U ST, WA 48 A 1
& mvbind HIBIFES H— 30— HYE e ?

RT S L ER % BATEE SBEHEIREN G H . RS HELIEE R T 40 R
ERABATS AR WO T W48 (BRASREFR EREME P — > e 51 k= #Re a— IR, st ae s B
U BRI LU AT 40 IEAREHIET Lispe SR —1ME ARG A GEE — RS D HIZ5 R (H2
FATABE R A X A kA (AU TR AR T . JEBRE —REAY o M AR TR A & TR R (Al

B, IEANEFR AT S BRI FAT R AT LAEXS 5 | B A iRk 2 A /N— 22 i 2B B il
F— AR UIRA S b sE e IR ATEEE — abbrev 7%, B AU

(abbrev mvbind multiple-value-bind)

VRV X RIS T NGBS apply 8L funcall.

147
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(defmacro abbrev (short long)
‘(defmacro ,short (&rest args)
‘(,’,long ,Gargs)))

(defmacro abbrevs (&rest names)
¢ (progn
,@(mapcar #’(lambda (pair)
‘ (abbrev ,@pair))
(group names 2))))

K 16.1: H3IE L Aahg 15

HKAE L mvbinde [ 16.1 Z5H T PMIXANZEEE L BRAEREE HARRINE ? 33X 4728 SCAT LA — 47w
I R, — R GR:

(defmacro mvbind (&rest args)
‘(multiple-value-bind ,Q@args))

AREATHE multiple-value-bind M| S IR HYTE , w2 1 EHE S ARG AL L RO TALE E
A F A BRI RA RIS E . XS E 10 A E X

(defmacro mvbind (&rest args)
(let ((name ’multiple-value-bind))
‘(,name ,Q@args)))

BUAEFAN PR A I T XA M AT S5 AR RT T, S8 5 3 AT AL A ek U A oo

‘(defmacro ,short (&rest args)
(let ((name ’,long))
‘(,name ,Qargs)))

i B AR name 1Y 7, 1ong MAZ RS I HIE 2L R fE fh ik

‘(defmacro ,short (&rest args)
‘(,”,long ,@args))

KSR T 16.1 FE LI 2 AR
K 16.1 FIH 1> abbrevs , BHTIRATAEZE &It E L2 HEEIERN IS,

(abbrevs dbind destructuring-bind
mvbind multiple-value-bind
mvsetq multiple-value-setq)

abbrevs FH P ICT A Z & 1$E 5, K4 abbrevs 18T group (30 1) K4 HS LMW 44, X T
TR, AR T AR BRI SR ﬁﬁ'group,xfﬂiéifﬁ XFER RS2 HTH o

162 El*

Lisp fe {2 F 7 SO BRI ROCIAE —ifd o AR (AT YR 5 0] AR AR, IR 4 SR ()R
RERARRD) A2 — M S REMR. N THEXR o BAEN v KB p KX ?$,&MV
Mo MBIt

(setf (get o p) v)

Fr AN 15 ba111 1 color M red, FATH

(setf (get ’balll ’color) ’red)
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WRBAWTHLF SRR AL RN, TANTR] LUE LR GHE

(defmacro color (obj)
‘(get ,obj ’color))

INEAE get AL E L color BEFTLAT

> (color ’balll)
RED

T ZMAXT sett BN (WEE 12 75), FA AT EAA

> (setf (color ’balll) ’green)
GREEN

R ESAWTES EREER F FR A REU T SRR JRIEZR AT R B LS s R A
FRMINUAR R, FTRES Tl 5 8 M B R R Es MAR) — I B, B I A R v i — 3R Tl s
IR color AR SNERAE A5 RIEH , FRATHT AR AR 2 Mok e 2 AR MR R B i 248l it e £ 4
P RIRE P IAAETE T o AR R MR MR BUS N A AR 25 A2 Y Shba 1 AR YRR Fr vl LA
JR RS 5 A0 X4 AR ] AR A 15 5 B B A AR 22 TO 4

X FEEX BN, FATT LUE L2, EMN color SRR EEANL
(defmacro weight (obj)

‘(get ,obj ’weight))

HEATHIEOUAEEL, color Fll weight HIAE LJLF—Hi—Hf. fEIXH propmacro (4] 16.2) #/1i [ #ll abbrev
GEIETDFEREE

(defmacro propmacro (propname)
‘(defmacro ,propname (obj)
‘(get ,obj ’,’,propname)))

(defmacro propmacros (&rest props)
‘ (progn
,@(mapcar #’(lambda (p) ‘(propmacro ,p)
props))))

K 16.2: H3IRE L7 TR] %

IR SE SR WY 2 AT AR AL AT oAt 24 [F] B B I R - SE AR T SRR A U A SR T
FHRHPRATR AT B H AR . FATEE

(propmacro color)
BRI

(defmacro color (obj)
‘(get ,obj ’color))

JUFIEA RIT A ARG R defmacro, A TIIRREN 4 & Ml — MR, S8 ET8E 55 | H L, 28 e 4 m
TS HBHAHAE color BYSLHIRINE Eo ANRAT—T7A0HE, FATE el 4t 1k I E A B 5]
MERBH color SLH:

(defmacro color (obj)

(let ((p ’color))
‘(get ,obj ’,p)))

SRIFBATHE T ARAIEIX AR -
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‘ (defmacro ,propname (obj)
(let ((p ’,propname))
‘(get ,obj ’,p)))

TR :
‘ (defmacro ,propname (obj)
‘(get ,obj ’,’,propname))

X T A — R A 2 TRE USR5 & , A propmacros (K 16.2), B R IT 2] — R4 B 4]
propmacro HIWH . 5414 abbrevs ,ﬁEﬁK%E@(ﬁﬁgg;L%#ﬁ%XEXf D E A/

IR T AT XA SR R HIX A RAE AR o 0T LMERDE R R A RO B , A TR AT LUT B E
SCE T R T TR)2 o

163 ERE

8141 WOEEEH TILMIERZERE Lo BIRMEAIZRNEL aif B aand XFEHZER S H0R(E
A RE R 755 it R E R A S HOR BRI E Lo ir B, Tews A
(let ((res (complicated-query)))

(if res
(foo res)))

HEGR

(aif (complicated-query)
(foo it))

HUATLEA T T

(let ((o (owner x)))
(and o (let ((a (address 0)))
(and a (city a)))))

W AT LASRTAE S

(aand (owner x) (address it) (city it))

141 THEH T EMERZE aif , awhen,awhile,acond,alambda, ablock il aand. XL REME—
AMAX R R R 7 Sk b FRATAT LLAAEAT Common Lisp BRELEZE X MR . 1%
LA V2 IS 2 T mapcon IR AR I, W] — B B A AT .

Blan, FATATLUE L a+, iEE M aand —#, it SUEZER] ENZHOREIRYE B, NHEATEEUH K
THEAE Massachusetts [ 2841 -

(defun mass-cost (menu-price)
(at+ menu-price (x it .05) (* it 3)))

Massachusetts [ 28 IR Bl AL 5%, 1 0l 55 28 2 X DB =Rk b BN & X A S0t B g,
{E Dolphin Y481 HZ )05 £ 1) 2 ] 311

> (mass-cost 7.95)
9.54

AT ARG TR

 16.3 HE LHT at AT — 18 HER AL a+expand , KA M EITH . a+expand HI—BRME X2
P PP Z BN WTHER cdr, AR AR RITRE R 1et FB3GH 1 Lot #0KG it FLERAFZ
B b AFRNWEE NS HER AR B LRSS Lo RITRECRE L — X LR 5 RI513, FF
HYFASHII RS R, R ] — P LUX LR RS AN ZE) + Rk frlAsgkikst
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(defmacro at+ (&rest args)
(atexpand args nil))

(defun atexpand (args syms)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (atexpand (cdr args)
(append syms (list sym)))))

“(+ ,0syms)))

(defmacro alist (&rest args)
(alist-expand args nil))

(defun alist-expand (args syms)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
,(alist-expand (cdr args)
(append syms (list sym)))))

‘(list ,@syms)))

& 16.3: a+ F1 alist BIE X

(at+ menu-price (* it .05) (x it 3))

(CEINE I

(let* ((#:g2 menu-price) (it #:g2))
(let* ((#:g3 (* it 0.05)) (it #:g3))
(let* ((#:g4 (x it 3)) (it #:g4))
(+ #:g2 #:g3 #:g4))))

K 16.3 B8 LT — 1 2R{LLAY alist:

> (alist 1 (+ 2 it) (+ 2 it))
(1 35)

IHREE T o+ F alist BIE L2 ARIRATREE SCE AR CA TR 22 X Lo %
EARKRRE ERF/ N N AAE — e i BIFRA T AR X e 208 ? 18] 16.4 H11 defanaph H4ik
FIXAHB o {H8I defanaph, %% a+ Fl alist MAE S HE AT PARIAL ik

(defanaph a+)
(defanaph alist)

EFEE LAY a+ M alist BITEEANIA 16.3 HB9AAS ™ AERRIT MR . X ISR AE LK) defanaph
NG FAEAT H S H % IR IR o Z*ﬁ*@%ﬂmﬂ%*fﬁﬁ’]?ﬁ@iﬁﬂTaﬁ ﬁﬁféo X5k A1, defanaph 1415
THREMSE TR, I R MNEBG KB AR Eo BrMRAREHIX T UAH] defanaph K JE X aand
5 awhile , (B AT LA E 45 (AT s 450E SCHE H AR AU o

1B a+ W HH a+expand KA I EITH defanaph firiE Y Z:4 I ] anaphex RMOIX . i#H
JEJT 4% anaphex i at+expand FME—AN[F] 2 AAE T HAEZAT NS EAY oA B4 - BAE SR 2 1 R T L.
F5L L a+ BUEA] AGE UK :
(defmacro a+ (&rest args)

(anaphex args ’(+)))
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M)

(defmacro defanaph (name &optional calls)
(let ((calls (or calls (pop-symbol name))))
‘(defmacro ,name (&rest args)
(anaphex args (list ’,calls)))))

(defun anaphex (args expr)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphex (cdr args)
(append expr (list sym)))))

expr))

(defun pop-symbol (sym)
(intern (subseq (symbol-name sym) 1)))

P 16.4: B 3hE SRR

JC1E anaphex I8 a+expand R/ T EME UK AT BRI EL . anaphex ] LA labels 5( alambda iE AE
defanaph M. JX BRI A SRR B TR R B TR R .

EIME O T, defanaph 8 i 4 H2EOHT I A 56— D F0E (02— a) B R DA EAE 5 #Y I
K EBHT 240 (XM AVE2 H pop-symbol FERHT. ) QIS P = 5 AME & — 125, B LMER—
MAESE. R defanaph F] LA BRI HELE 72 58 U H anaphoric 22 A E A —L264 A1 R
JRIRR:

ETAEAE S TR E RHRIER L.

pusid]

1. X

2. WEEBITH it BRIPEERT S L. ALY S — Bl awhen—— AT E it 1G4 404E
F—ASHEEE.

3. BICH: TAFER sett XA SR LR Z Fo

LT R — A — G R BT LR R o S [AI R — 55 7T LU A e 58 A ) ok
fitthe AT 25 aif B9 AR RRIT A, FATHEXT anaphex MLME N, LEBAEZH I o U8 — 12
e
(defun anaphex2 (op args)

‘(let ((it ,(car args)))
(,op it ,@(cdr args))))

XA AR T RRAS B anaphex AN BRI DR ZSRITACRE it F0E 2 Y AT S AT 9S40 L, Br LLE ]
PAA: J ) T U B L X R W P I r A 2 AR (. RA S — M 2HGR B IHCRER), LMER it 90E
FERIME L. BTLL aif ATLAREE SUNL:

(defmacro aif (&rest args)
(anaphex2 ’if args))

XA E SURT 132 BT_EJFOR A9 5E AR EL , ME— B DOAUAE T« Z TR RO B, AR ARAL 45 aif 2D EONRT
A3, IRAR P fRE A0 R FH 725 B 5 6 R AE R R JX P WA A S R] B4 e T =

BT AR, LA E defanaph Jowk TAEAE) AL L ERY WA, o) LA AL RT3 _f (118
I0) Ktk B sett IXFEAVIRAERT 0T LABE T 1T E LAY anaphex2 AYAEFAALHL :

(defun anaphex3 (op args)
‘(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))
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XA REIT A BSUR LA — LA LS8, Kb s — 2ok — 4 U i A ERRATRT LA
FEE L asetf?*:
(defmacro asetf (&rest args)

(anaphex3 ’(lambda (x y) (declare (ignore x)) y) args))

(defmacro defanaph (name &key calls (rule :all))
(let* ((opname (or calls (pop-symbol name)))
(body (case rule
(:all  ‘(anaphexl args ’(,opname)))
(:first ‘(anaphex2 ’,opname args))
(:place ‘(anaphex3 ’,opname args)))))
‘(defmacro ,name (&rest args)
,body)))

(defun anaphexl (args call)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphexl (cdr args)
(append call (list sym)))))
call))

(defun anaphex2 (op args)
“(let ((it ,(car args))) (,op it ,@(cdr args))))

(defun anaphex3 (op args)
“(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))

] 16.5: L —f% (] defanaph

M 16.5 BoR T i = RIT & BREAE B — % defanaph HUFERI N PHEAE B AV R AL
IS IR rule KT 2HORBIE H IR 2 RIT RIS X 2HARE 14208 2200 R R SRAE AL
Mo ANAXNSHGE

rall (BOIAE) ZITRER A alist B 200 i A SR AOR (A, R it SOR B0 EERT— 1
ZHHIE E

first ZEIPRER aif BV JUAH—NSHOECRERN, H H it BHdbE X ME L.
:place ZJBIPKRM asetf L. 85— DSBHHEI U RN E I it K e BRI IR{E L.

i HTHTHY defanaph,ﬁﬁﬁﬁB@‘*Egﬁﬂaz*%%§iﬁﬁlﬁiWiﬁﬂii*i:

(defanaph alist)
(defanaph aif :rule first)
(defanaph asetf :rule :place)

asetf MY RMHRE AT LAUE S — RSREE T U RO L FORAE AT 2. BN, FfTa]
PRI incf xE SOk :
(defmacro incf (place &optional (val 1))
‘(asetf ,place (+ it ,val)))

2EHTE X LGN asett SRA TR BEIRPEHMEA . ABIRIMARM 'setf BT > (lambda (x y) (declare
(ignore x) y))o X MMUAMEARI, (HHEPH sett SALEN, FIER) SCERIMERFEHTIEN £ Zomiy. WE—T
JAHIZE Y inct ZAE—NEETIH (incf a 1) TP asets AR RIT AT LA T X 20T .

S L AT P NG T LY 2 I R EUE SRR I AN T 2500 (declare (ignore char)) MY HILAG g Fasiits .




154 %16 %

M

PN pull (118 T0):

(defmacro pull (obj place &rest args)
‘(asetf ,place (delete ,obj it ,Q@args)))



ZHLZ (read-macro)

TE Lisp £IAAX M — 4, A =D EEENZ], 5 5] & 132 U (read-time) , 47 153 (compile-time)
FIZf7 M (runtime)o IBATHA RS Ao 2225 T FRATAE i A OO AR P U ¥ O AL 25 o AR ZE 18 152 B
%% (read-macro) , B JEEBUH LK H/EH -

17.1 2o A

RFAT

T8 Lisp B2, R T DACEAR KFRE _E#5 6 readers & BIAT A& FHARLE AT [HE R 25C2E 14 & 1 Fl AR 1
A . Reader A LMEJLANZE T B A SEUCR HAT R fa] B 1 7 2O SCRT I 25747

% F4F (macro character) s&—F#{ Lisp reader FriA X FEI FA4F . 28017, /NG T 0] a B EE 7 =0F1
INE T b R EATTES B R R A B AL B . (H A RE S SR B R Lisp FRIGEEEL N4
Fo BNIXEMFREA — N5 2 KRB R AR Lisp reader 2438 212 745 BIBME MU 40 /RTT LA AE
— A RIEFRF B R AL, 50 E SR B O BT =45

W E KA set-macro-character &l T —FluE SUHUE R T BHEZ —DFE/FM— D, LIS
4 read M EIENFAFN, ©RUR B FHIZ R £ 45

(set-macro-character #\’
#’ (lambda (stream char)
(declare (ignore char))
(1ist ’quote (read stream t nil t))))

K 17.1:° BIATREE L

Lisp i 02 —& 0 BI5 I He FRITTLUAH > TE &% 2a 5l (quote a),(HiX¥44
e HNTE H e 2 RETARBBXE LABE 12 51 UL (quote a) AI AR S i 2ao FATATLAMAE 17.1 H
T HESRILE . Y read fE— DAY LR 3CH (BI01, A7E "a b BE a2l H1) iBE] > I EORHR AR
B4 B XA A 25 5 GZ BR8N T BERSE —I2, A B R EIR 5 F4F. ) BTl
4 read FF| >a I, BRI (quote a)o

read WMH G =280 B 6 2 S AERE S end-of-file B AR A8 | Q0 FAHLES B I5IR [T 4H , PARGX
A read WM& K AAE read WHHHH to AEJLPRTARERCZE B S8 MDD S EEER N %02 ¢, BT LA
BT REEL T .

BEE RN A 2 — LS TURR R R A PR A= 2 R T A eR L A2 P A M R B R 8 B TR T
CEERATIR LAGN , AN 12 FE HABEIEH . Common Lisp WA AT B — > 72 R0 AH G B Y 2R AT B B4R
17, B AT LR —— Common Lisp X HAGAZE TA41E. (U crre2 Y 543 T1. )

TR AR R A B B AT AR R IR S o Z2AERE 7 R R A AE Y, B E AW reader fEAT K
T Lisp X4, T2 U AR AR 7 10 @& SCAR I BEI SR ST 5% I 1o RS W i AR X 20 S0 AR |
H read, M S2HUZ: AN R G RS [FIAERT LU BT S5 /Y Lisp X5 o IXFEUE S22 2/ DA L2
—F A TT .

YEETE KT read WG — 124 (recursive-p), £ cLus X read MIffEFE.
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156 %17 % EBE (read-macro)

Fse b RO 2 /DA T H R R SO SRR . 3BT LA IR Lisp BEHUAYAF—FEAR Y, i 7% H 2
AR ERRIT . HH, T UL T 2B TR read, — 12400

) a

A

(quote (quote a))

AR PA T BB KN quote & LAHIETHHTIF,

(defmacro q (obj)
‘(quote ,0bj))

CAEFLENE DU T W] LAIE R TAE,

> (eq ’a (q a))

T

(BAERHE SR BT 72 filin,
(q (q 2))

K Tk

(quote (q a))

17.2 dispatching & F#F

#0 FUELA # FF L e —HF & —FPFRAY dispatching S2EL 545 o TXLEsE U2 APRA F A HH R,
HAp S — RN dispatch F4AF o IX 2200 H B, TR Bt 2 S FTREM T /0 FIH ascn “FRFHEE IR A
B RFBREUR B35 A8 A3 BUR MU i 22 32 IR T AR SR RN

PRAT LA (i3 (] make-dispatch-macro-character) K8 AR H CHY dispatching 757 4F  {HH T #
CEET UM DIER A B —L8 # T LA G R A RO ER 1Y HAB A ARLE 412 Common
Lisp BAZE EA TR T & SAYIE, T LEsk o SeBERYFIZAT AL cure2 #9465 531 UL

(set-dispatch-macro-character #\# #\7
#’ (lambda (stream charl char?2)
(declare (ignore charl char2))
‘#’ (lambda (&rest , (gensym))
,(read stream t nil t))))

B 17.2: — TR RR B RO

HrHY dispatching 72 F A4 & 7 LL# S I H set-dispatch-macro-character BRAUE S, Bk T #5 W
N FERFSE LI set-macro-character I ZEAZ . — DGR RAAH G #7. B 172 TR
T WA IX AN G E SR — D TR BCR B S . IRAE #e2 BRSO — ek 8, A S e 1
SR HIRE 2. Fln:

> (mapcar #72 ’(a b c))
222

XA B E SCADHARAERT AR ST ABAE G TR Z R 2 AR P B, 2 T B RO 2L
HE b AT FRME T 20 always BIAERE L1 THKE LB

2R MR AR (A 77 252 8 L — P ii%a8 %% (compiler-macro). Common Lisp P& ) define-compiler-macro H T
FE U EGR L E W cuas O T IIRAERF R 5L
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FERL B IX A 22745 B 8 U 2275 SE 20 TR - AT Lisp A —HE, 243X 8 SUpk
BEHN UG IX Se 22 2 A i 2k 1o 1E # BYJE A 2/ 2&nT LA . AR #7 098 UM T read, A
AN > Fl# SRt n] DAE F A -
> (eq (funcall #7’a) ’a)

T

> (eq (funcall #7#’o0ddp) (symbol-function ’oddp))
T

173 ERF

(set-macro-character #\] (get-macro-character #\)))

(set-dispatch-macro-character #\# #\[
#’ (lambda (stream charl char2)
(declare (ignore charl char2))
(let ((accum nil)
(pair (read-delimited-list #\] stream t)))
(do ((i (ceiling (car pair)) (1+ 1i)))
((> i (floor (cadr pair)))
(1ist ’quote (nreverse accum)))
(push i accum)))))

K 17.3: — A€ SUE AT I

B T BRI 2P € SR M E A EEYNRERT T m— AP TEWHEFRE # o
K 17.3 5B 7, BoR THX NP/ 8 — B E AR A5 5 1 . B8 B #x y] KX
o, IR A F R UM AE < 21 y B P X R _E e B 71 36 -
> #[2 7]
(23456T7)
XA ME—FEH AT RN read-delimited-list FIHA , XM EEE— 122 NXMHNE S
RN E RS, BRSNS EEIN AT RS BT . AEAARETHSL, T4 1 IHBEGE
FF R IGRH J7 R T set-macro-charactero

(defmacro defdelim (left right parms &body body)
‘(ddfn ,left ,right #’ (lambda ,parms ,@body)))

(let ((rpar (get-macro-character #\))))
(defun ddfn (left right fn)
(set-macro-character right rpar)
(set-dispatch-macro-character #\# left
#’ (lambda (stream charl char2)
(declare (ignore charl char2))
(apply fn
(read-delimited-1list right stream t))))))

P 17.4: — T 5E SCEF AT B BUR Y 72

2 BOBAE R SE AT BEUR A AR RORREE EE S 17.3 RS W I%A 23 REM X LERLA P FE M
R A O, LA, B 17.4 BoR 7 3ATA LUEREE SC— A58 T H AR E SUE S AP UL
7 defdelim B2 M FAF , — N BHAIEE, N — MR TR . SHP LA EAREEE LT —4



158 % 17 ¥ £IE (read-macro)

PR, — X defdelim HYIH A B 45 A8 A dispatching $2HUZ: , B BRI 8 AN F4F 0 1k ARG
XA R B B BRI A 2R TG, R [0 H g

ToMA 1, 17.3 EPEI’JLI%ZM‘@LJEJJ%E* M TR, FL B XA TRELESGS T I 36 1T
f) mapa-bo f{i/H defdelim Fl mapa-b, &l 17.3 H& LA EEU I LTS ik :

(defdelim #\[ #\] (x y)
(list ’quote (mapa-b #’identity (ceiling x) (floor y))))

TEFAFBUE R AR SRR G 5 5.4 7€ LT T RS G HIHRAELRT

> (let ((£f1 (compose #’list #’1+))
(f2 #’ (lambda (x) (list (1+ x)))))
(equal (funcall f1 7) (funcall £2 7)))
T

HIATVE AR 1ist M 1+ IXFERTN B R LU, BOA B SR TIIA KX compose WY MISRIE. 28 5.7 7
W —MERIT S B 45— compose FIAF T4 sharp-dot S2HL7

#.(compose #’list #’1+)

FANTAT LA HAE S BUB R BOR (H

(defdelim #\{ #\} (&rest args)
‘(fn (compose ,@args)))

Kl 17.5: — T eREULE & 1) BUE

ﬁ%ﬁém%ﬁ*/\ 52 MBI BT 5o 18 17.5 HE LRVEEBUR E ST A #{f1fa. .. fn}
AR, XA FRIEZREIBUK f1, fo, ..., fo FIE G XHE:

> (funcall #\{list 1+\} 7)
(8)

CAE AT £n (139 UT) HIIR A, 3% FAE S 3 01 61 i R 2

17.4 XLE& A (R

e, T 1 AT REIE AU [ R 3% A2 ﬁﬁﬁhﬂﬁ AR R U A B R Z B B3, IR A%
FEIERERRIT IS A B BUR B FRIA I . ildn X

(defmacro quotable ()
’(list ’able))

SAER— AT HB RIS BEWERAER? FL L BEAHE X2 PR 5 HAEIX A
defmacro FIEFUMEISEENT | WL a I 1, B4 R~

(defmacro quotable ()
(quote (list (quote able))))

W AR R RS BRI R A AT AR o BRI — A5 25 Y 18 SUAE SRS AN 2 12 0 2 T A
2 (B AR KEL.



fE

fit 4 (destructuring) & MIEAY— BRI o BRAFFT setq T setf HYMRIENS G SR S O AL o T A4
RAEADT ARV EE —oh— AR BT AR N S — 28 TR — R T A
P AR S RS A R (ECRE R B SR S5 O R 7 B

18.1 FIFTK _ERIE

M crri2 H4f ,, Common Lisp €44 |44 destructuring-bind HIHT 7. IXDZAELS 7 2 B A R
it X EIRATH AT AR E . Bk 1st B D =JCRVIEE, MIRNTBEI E x BB —PITE,y
FIEE A 2 2185 =1 FEJRUA crrel 1 Common Lisp B, B AT HAEIX L
(let ((x (first 1lst))

(y (second 1st))

(z (third 1st)))
L)

BB RN G

(destructuring-bind (x y z) 1lst
L)

XA, BESE /N, S AE . B0 TS I R AR T LB A i SO B IR S . R — M %,y
Tz Z A28 AR AT LAY To A% IAERT— M 20T, AT AR E R A B 1S Hk

TR SR ] R A7 T A RE AT oL o P A A T A A5 SR T , U — T B AR R R UL T R AT 2R YL
M. destrucuring-bind HY5 — DR LURERE 20— . H4
(destructuring-bind ((first last) (month day year) . notes)

birthday
.

IR 1et MFRTTRIREOR GRS AT X5 TA 1M E R UEEEFERS EWELRS
BEo

fif#FFAE crrel Y Common Lisp AL AT o A0SR 4] B9 R G R MR 2T 3%, B2 A e AT T
FZEBFREAHFENIEA . F5E 1 destructuring #2 & H R ELZSH N F ARSI
FESEHIREASE [ o AR AT LUREE 2 S8 26 AR 0, ARER AT LB B & TiX A ILRCA A A D TE kR
BRI R &environment FFHET)o

HENT A TR E & 89 kG2 — MEARS IR . BRIV NS @X D A L2

182 Hhzy

BOA B AR R T H5E o AR IRI RIS F T & Fh R R0 R o AT RN IR 4 5 T T H AR AN R
251 destructuring-bind 7.
—, BB R — IR T 4. B 18.1 HE XL T —1 4474 dbind B %, B destrucuring-
bind 0L, AT LARTEARIFP2R I T8 Lo 285 =S BT LLRYIER, M e a3 B TRMEEA S

159
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(defmacro dbind (pat seq &body body)
(let ((gseq (gensym)))
‘(let ((,gseq ,seq))
, (dbind-ex (destruc pat gseq #’atom) body))))

(defun destruc (pat seq &optional (atom? #’atom) (n 0))
(if (null pat)
nil
(let ((rest (cond ((funcall atom? pat) pat)
((eq (car pat) ’&rest) (cadr pat))
((eq (car pat) ’&body) (cadr pat))
(t nil))))
(if rest
“((,rest (subseq ,seq ,n)))
(let ((p (car pat))
(rec (destruc (cdr pat) seq atom? (1+ n))))
(if (funcall atom? p)
(cons ‘(,p (elt ,seq ,n))
rec)
(let ((var (gensym)))
(cons (cons ‘(,var (elt ,seq ,n))
(destruc p var atom?))

rec))))))))

(defun dbind-ex (binds body)
(if (null binds)
‘(progn ,@body)
‘(let ,(mapcar #’(lambda (b)
(if (consp (car b))
(car b)
b))
binds)
, (dbind-ex (mapcan #’(lambda (b)
(if (consp (car b))
(cdr b)))
binds)
body))))

] 18.1: 38 I P8I R A A A

> (dbind (a b c) #(1 2 3)
(list a b ¢))

(12 3)

> (dbind (a (b c) d) ’(1 #(2 3) 4)
(list a b ¢ d))

(1234

> (dbind (a (b . c) &rest d) ’(1 "fribble" 2 3 4)
(list a b c d))

(1 #\f "ribble" (2 3 4))

# OB T RN T #\ WA TRRFAF. BT "abe" = #(#\a #\b #\c) L "fribble" 5
—ANICERETF #f. N TR dbind H 7 HF arest Fl &body K4 o
T4y 1k Wi R 2 8, dbind 88 TESR R P o IXA> 22 SL 32 iy MBS U S i 52—
T, RO T AT TV A T ERA AT E—IR, IR ZAX T Lisp Zmf & 18 A Y.
TENEE 3.4 BN, FATEMS Lisp BT A, T VA B ERATE S T 1R BRI E TR0
BRUHX — URSRAMR AL T TR SEIBIR, s 7.8 FTRTd, X T R T 2 AURG R A R 4 B
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Ko ME R A RITA BRI, FATAT LALE B OO0 —4. dbind B RIF=H PR AR K,
destruc fll dbind-ex. WIFEATPI DT LIRE G IFR— A%, —2 2000 (H2M e A A7
PR, AT RGN AT A BEREX A R BRA T A e B I e

B HREUE destruc, Bl i LRCHI K45 A8 e AS AT RO G A AL B R IR — e :

> (destruc ’(a b c) ’seq #’atom)
((A (ELT SEQ 0)) (B (ELT SEQ 1)) (C (ELT SEQ 2)))

FLIERER =D SECRAEIA , € RAE B R Z H RIS A A X T
N TRV IR EA R, — RIS R (AR5 e B 1P

> (destruc ’(a (b . c) &rest d) ’seq)

((A (ELT SEQ 0))

((#:G2 (ELT SEQ 1)) (B (ELT #:G2 0)) (C (SUBSEQ #:G2 1)))
(D (SUBSEQ SEQ 2)))

destruc M H#E & X2 dbind-ex, JF &8 R A Z BRI . E¥% destruc 77 A IR Lk —
RINREN 1et:

> (dbind-ex (destruc ’(a (b . c¢) &rest d) ’seq) ’(body))
(LET ((A (ELT SEQ 0))
(#:G4 (ELT SEQ 1))
(D (SUBSEQ SEQ 2)))
(LET ((B (ELT #:G4 0))
(C (SUBSEQ #:G4 1)))
(PROGN BODY)))

ifﬁiiﬂdbind,ﬁﬂdestructuring—bind‘gfi,fﬁiﬁ@?*@ﬁiﬂﬂﬁﬁ%ﬁ@?éifﬁE@ﬁu%%éﬁf@o AR AR
T IFAE BRI E S nil, /% multiple-value-bind APHE. WA TIAL H BT 5 BIEARSETAH
WIRPBITTR BRI R -

> (dbind (a b ¢) (list 1 2))
>>Error: 2 is not a valid index for the sequence (1 2)

HAbAT N E LA XS G0% 8 A AL BEE 2 Gl H IR AAHE , E A B O T H AR AT —. Ik
TATNEEEE AR 7, BAVEREFIB IT I 2 X T PAERUEH , P FRIE 2 AL bR . 8 182" &
‘44\23,with—matrix,Fﬁﬂ:ﬁﬁ$@ﬁﬁgﬁéﬁéﬁo

> (setq ar (make-array ’(3 3)))
#<Simple-Array T (3 3) C2D39E>
> (for (r 0 2)
(for (c 0 2)
(setf (aref ar r ¢) (+ (* r 10) c))))

NIL

> (with-matrix ((a b c)
(de f)
(g h 1)) ar

(list abcdef gh i))
(01210 11 12 20 21 22)

X RIBUEAL, BB 4EROR 3 slCH A OB, AT BN R 2. FATAK AR — %Al
BT REERIL N b R LRSS A R R s A R 2 B Sehr— 28— R a8 T /05
JER AL, I _EFIARARRE TR A AR, 18] 18.2 FEAYEE AR A T8t iIX R AT ERAGE
B — MR 2 BRI

R X ERAAE ST — RS, R A E L col LR EBEMHT (setq col -1), X EFHR row WAL 75 1%
Fi 1et #32 T—1 col MJRHEBLPAE
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(defmacro with-matrix (pats ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let ,(Qet ((row -1))
(mapcan
#’ (lambda (pat)
(incf row)
(let ((col -1))
(mapcar #’(lambda (p)
‘(,p (aref ,gar
,TOW
, (incf col))))
pat)))
pats))
,@body))))

(defmacro with-array (pat ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let , (mapcar #’(lambda (p)
“(,(car p) (aref ,gar ,@(cdr p))))
pat)
,@body))))

& 18.2: B4 FAfdH

> (with-array ((a 0 0) (d 1 1) (i 2 2)) ar
(values a d i))

0

11

22

(defmacro with-struct ((name . fields) struct &body body)
(let ((gs (gensym)))
‘(let ((,gs ,struct))
(let , (mapcar #’(lambda (f)
“(,f (,(symb name f) ,gs)))
fields)
,@body))))

& 18.3: AR L I fEAs)

WX ASHT, FATT G bkt SN g Te 2 LA T8 WUy Y I A SR AR o FRATRT LA —
ROV AN, HERIEZLTE] defstruct T HIESTHAT B bo & 18.3 FRIXFEE L.
IS — D SRR N S AR R R RT SR, AR B A o 7 v R XA 28
T symb (55 38 T1).

> (defstruct visitor name title firm)
VISITOR
> (setq theo (make-visitor :name "Theodebert"
:title ’king
:firm ’franks))
#S(VISITOR NAME "Theodebert" TITLE KING FIRM FRANKS)
> (with-struct (visitor- name firm title) theo
(list name firm title))
("Theodebert" FRANKS KING)
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183 5|H

Cros Hilr | I THHSEHIN 2. BUX tree a1 ili 1 =1 slot 125 : species-age ll height,
1M my-tree &1 tree HJLH]. 7
(with-slots (species age height) my-tree
L)
F BTN ER AT T LA AR SRR S | H my-tree FIXLE slote fF with-slots E@jiﬁktp,fgég‘heightiﬁ
] height slote height JF /&M HMERER] [ XTAY slot AR i ME B 31 A EIIEA slot Fo BTLA, 40
REANE
(setq height 72)
T 242 my—tree ) height 1K slot — A 72 MM, 1K HY TR A height 5 L H—ANEHF
F slot 5| A5 %% (% 7.11 %‘)o HA | ,symbol-macrolet AN T B with-slots IXFERZEA#E
HIAZE] Common Lisp H'H7o
3ﬁﬁ§with—slots5§§§J:5%Z<5%444\ﬁ§$@2§,@Zngz&ﬁﬁﬁﬁiqjEﬁﬁ@EQ?FﬁH$Ddestructuring—bindf%
—FER . HARIEH AR ER A T E (Call—by—value),ﬁf*%ﬁ@ﬁ@mﬂ%%%ﬁﬁﬁ (call-by-name). it
TAT A S, B ERATEE A AN A H AT 27, FRATRT LMEIE I il e 2

(defmacro with-places (pat seq &body body)
(let ((gseq (gensym)))
‘(let ((,gseq ,seq))
, (wplac-ex (destruc pat gseq #’atom) body))))

(defun wplac-ex (binds body)
(if (null binds)
¢ (progn ,@body)
¢ (symbol-macrolet ,(mapcar #’(lambda (b)
(if (consp (car b))
(car b)
b))
binds)
, (wplac-ex (mapcan #’(lambda (b)
(if (comsp (car b))
(cdr b)))
binds)
body))))

& 18.4: 74 L5 FfdAa

FATAT LA FEA 15 4 7 TP 1 symbol-macrolet MIANAR Let, iXAF il il LUK AR i 4 7 61 i
XML AV R 18] 18.4 45 T — B EUKS with-slots fTNZEMUAY dbind MRAS. FATHS
LMGAEH] dbind —HFER M with-places:

> (with-places (a b c) #(1 2 3)
(list a b c))
(123

EIXANFT RGN sett JHIOL BRI, LRI TFE with-slots B ATEAYALEE :

> (let ((st ’(1 (2 3) 4)))
(with-places (a (b . c) d) 1lst
(setf a ’uno)
(setf c ’(tre)))
1st)
(UNO (2 TRE) 4)
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WURAE with-slots HUIRKE, iX L8 i BUAEHHR R 1 FP 4 op B0 AL B . A At , i Bl A — 1 H 2L Y
D AR setf MAZE setq KIREIX LN G, with-slots ZMG| A code-walker (55 189
D) KNG AR K setq Ul setfo IXH 5~ code-walker ¥4 7 L 5 R AN H M RAIIFLEA
Ko

W4 with-places b dbind BB, W 24T M A HEW? doind ¥ — DA HOCHEE—ME L,
I with-places AL AL i RHKE) — A HIRE| — MERE SRS L. D5 #HEdkT— ki
o 2 dbind 18 ¢ 4PEF] (elt x 2) FE LR with-places ¥ ¢ CA— DB (e1t x 2) HIfF5
o JITLANAR ¢ FEZMHBRAE T n ARG A n IO elt BRI BRAERELAIIEES sets ARLE hfE
AR AR A dbind Y& BE PR —LE,

with-places [ E Ll dbind (& 18.1) MHELOUARRMINALAL . 7F wplac—ex (X HI Y dbind-ex) HHB
6 1et AR T symbol-macroleto @ﬂﬁw\maﬁiﬁ,?‘Zflj’@ﬂU\jﬂf{ﬁﬁﬁmﬁﬁ*@fﬁiﬁ#/l\Tﬁgﬁﬂq
A RRAS o

184 [TEZ

TR fg A MR Iz A, 88 X B A A2 AL . “BCULRS” XA ARTEA L4 Lo FEX B AIH
B HR XA R ERAE - LRS54, S5 AT RE & AT AL, P2 A A7 A A 40 A IR E A U7 =5
CAMRRSE . B0, R 7x Ml oy AR AR AXHAFIZR

(p ?x ?y ¢ 7x)
(p a bc a

Y 7x = aJfFH 7y = b B ICHC. %R

(p ?7x b 7y a)
(p?yb ca

Y ox = 7y = c BJILHC,

(B4 — R i i R MBS 5 B T A T IR —NHE, B R e A T B
KA I HIE U C R E N A it TCRCER A ERFIRATAT LUK X W 25 FF 1l 25

TG XM ERAERT , RAUE IR — P X R R MG . RATAREE AU AR 580 24 U i, RO
RS AR DS AU I X B IRATHUE AU 2 AR SR AR 5o AR 1A T
87, A E I var? AT LS X N2 5E «

P 18.5 g — ML EC A R AL, B IR 28 Lisp AT JEEM LA VLAC R BURE T 242 o FRATE4S match
PIAFIEE, AR E TR LACHD , FATRAS 2] 55— 0113 i8R & BoRn B T2 W DLACHY -
> (match (pabca) ’(p ?x 7y c ?x))
((?Yy . B) (?X . A))
T
> (match (p ?x b 7y a) ’(p ?y b c a))
7y . C) (?X . 7Y))
T
> (match ’(a b c) ’(a a a))

NIL
NIL

£ match B PNICRHMILE EHISEN B R T — RVMEFAR 2 A TRAE X R, IX Pk R FR
R XL RS A binds 5 H Y A7 UERCK T, match IR A H A s B8 8, BIR A nile BT
FFAERTA B DD I TCEEERREA: B P € , B AR gethash — 4 ,match H &5 MR BB R KR ILAC L5 A5
> (match ’(p 7x) ’(p 7x))

NIL
T
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(defun match (x y &optional binds)
(acond?2
(Cor (eql x y) (eql x ’_) (eql y ’_)) (values binds t))
((binding x binds) (match it y binds))
((binding y binds) (match x it binds))
((varsym? x) (values (cons (cons x y) binds) t))
((varsym? y) (values (cons (cons y x) binds) t))
((and (consp x) (consp y) (match (car x) (car y) binds))
(match (cdr x) (cdr y) it))
(t (values nil nil))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\?7)))

(defun binding (x binds)
(labels ((recbind (x binds)
(aif (assoc x binds)
(or (recbind (cdr it) binds)
it))))
(let ((b (recbind x binds)))
(values (cdr b) b))))

& 18.5: VLA BRI %KL

M match 4 _ETHAERE nil Fl ¢ B B RR—"BA 7 AR 88 A9 A S B ITHL
1 Prolog —#% ,match A8 _ (FRIZ) FAVEEELAT . B AT LAVCECATAR Z: 7Y , H H 4P 5 A A 520 -
> (match ’(a ?x b) (_ 1 )

zx . 1)
T

(defmacro if-match (pat seq then &optional else)
“(aif2 (match ’,pat ,seq)
(let , (mapcar #’(lambda (v)
“(,v (binding ’,v it)))
(vars-in then #’atom))
,then)
,else))

(defun vars-in (expr &optional (atom? #’atom))
(if (funcall atom? expr)
(if (var? expr) (list expr))
(union (vars-in (car expr) atom?)
(vars-in (cdr expr) atom?))))

(defun var? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

& 18.6: 12 B VTR ERAERT

AT match, 1] LIMRA S 5 H— VS RCMUA ) dbind. ] 18.6 A —FRA if-match 1%,
% abind ABKE , BRI A2 E0E— MERI—A P31, 285 Clid L B ER P Sk g 40« Akt &
7N ZEA T AR AR — then T-A)  LEFTHE N HORMA, AR ICEC LI A1 ; AR —1 else
TRV LRI B sRAB o 3X A — AR A 1f-match HYRREL:
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(defun abab (seq)
(if-match (?x ?y ?x ?y) seq
(values 7x ?7y)
nil))

WARICECRL) T, BT 7x T 2y HUMEL, SRS IR B EAT]:

> (abab ’(hi ho hi ho)
HI
HO

PRI vars-in IR [l — DA A LR A o B var? RIS BN RITE— DA .

HHT, var? FIHRICINLEE S R HAZ H 1 varsym? (8] 18.5) A& R I, FA 1 FH 9T B RS 5 EE
FATATREARZELGTX M 2748 HR HIR A A9 3R 5 1

BAEE 18.6 BE LHIHHE, if-match AT (HIFASRARE S8 BEBITHIMIIFEE RZ T JA7E
BT A P T T R S — NP AR R TR . SRR R R T UL B R T, 3R
HAIE SRR G0 E o W 7853 FH4m e CANHIE S, FAOTHEES H— D BEA T AL E R T
i&,t@7ﬁﬁﬁf£f]consﬁﬁ if-match fRAK.

WRH A —AD PP T A, IF H R M B AR AR ERMITE T fE—IK
X} match HIE A Hr, Wﬁ/\%@(%ﬁ—fﬁ%ﬁﬁﬁio Lﬂ/{%ﬁreﬁﬁﬁ? ff if-match W — 1S4 E, ?jfﬁ—fﬁ[é
TSR IR MR i s 2 S UCHL . X B FRATAS PR A AR 505 A 9136, T2 4 A2 et O A7 1
LAY

(defmacro if-match (pat seq then &optional else)
‘(let ,(mapcar #’(lambda (v) ‘(,v ’,(gensym)))
(vars-in pat #’simple?))
(pat-match ,pat ,seq ,then ,else)))

(defmacro pat-match (pat seq then else)
(if (simple? pat)
(matchl ‘((,pat ,seq)) then else)
(with-gensyms (gseq gelse)
‘(labels ((,gelse () ,else))
, (gen-match (cons (list gseq seq)
(destruc pat gseq #’simple?))
then
‘(,gelse))))))

(defun simple? (x) (or (atom x) (eq (car x) ’quote)))

(defun gen-match (refs then else)
(if (null refs)
then
(let ((then (gen-match (cdr refs) then else)))
(if (simple? (caar refs))
(matchl refs then else)
(gen-match (car refs) then else)))))

18.7: MLy DC D B EAF

FEE 18.7 £ 18.8 Hitk if-match AURTARA . G IATTRT LATIORHIR LA RS AR TR AE R, 80t B 145 S
AR o X B FRATE FAE RS I E B FL B AR, AN & JRIT IO match HYI T o

RIRNTH T A A 7x RALE 7x HYSRE AT, (B RERIA— A AR DL AL i R s v 85 AL e 2
XL, FA TR IR — A R G B — A AT 5 AR RIS E . BT if-match —JTIRS AR
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(defun matchl (refs then else)
(dbind ((pat expr) . rest) refs
(cond ((gensym? pat)
‘(let ((,pat ,expr))
(if (and (typep ,pat ’sequence)
, (length-test pat rest))
,then
,else)))
((eq pat ’_) then)
((var? pat)
(let ((ge (gensym)))
‘(let ((,ge ,expr))
(if (or (gensym? ,pat) (equal ,pat ,ge))
(let ((,pat ,ge)) ,then)
,else))))
(t ‘(if (equal ,pat ,expr) ,then ,else)))))

(defun gensym? (s)
(and (symbolp s) (not (symbol-package s))))

(defun length-test (pat rest)
(let ((fin (caadar (last rest))))
(if (or (comnsp fin) (eq fin ’elt))
‘(= (length ,pat) ,(length rest))
‘(> (length ,pat) ,(- (length rest) 2)))))

] 18.8: P VCHLERAERT (48)

T plr AU P YA R E B A A5 B ERXFMEOLT A T JRIT 1 with-gensyms , fEGwIFHI T

AT, SR E T E AR A B R IT 2 2.
ﬁ%%@ﬁﬁWMﬂmmh%ﬁoﬁﬁ%%%ﬁiﬁmmhmﬁmﬁﬁﬂﬁgﬁgﬁﬁzmﬁﬁﬁﬁﬁ

FESTATATHGRAE o FAEHLERE N N IX A — M, 45 19 T pat-match 1A b7 AR R AE T

FEFT I DEBCHRA AT B A5 NSS4 2 ) 22 31 JH PR AL simple? 5 Lo AMERFRATAREEAERL
X ERAE A5, I AR (LAAE vars-in) W75 HIANEHE ATRLESE — 1 ITC R quote HIF K.
FEFTHIVERCHERAERE N, FATRE AT LAGE PSR TT R A S ek e A 15 R K.

Y dbind L, pat-match WH destruc K152 MG EABITIIZ S HSHOHRI 7L X5
RHALLT gen-match RN RIS IH 4L VTR AR, SR 5 FHE 25 matchl, DAAE AR _EAE -1
PERcAAD

e AR if-match BITAH B Z B HEAK H matchl, WM 18.80 JX B AL UFIE HLAL
o MARBASEOE DTS, IBA B2 1 destruc QU TR TFIRAIAT WA & IF HEF
AN T EALA T AT HOE N e S RAIEMA KR E . IREEOTER S MR (), AT
AR . IRBATT R — i, P4 matchl &4 BARIS L UUHAD , 5 Ha Bk, i T2
B SIS R o A3 IR T R AAEVE— D1 _ERIE, T matchl 2342 i ARS 2 FEAR B FI P41 B R
VAT B2

LA 7ok TR RITUR B LR R A AR AT o BT R T Rk AT iR
(if-match (7x ’a) seq

(print 7x)
nil)
XL LS destruc, FIIFHE — LA AT 5 (RUTETFRAY g) KA 51

(destruc ’(?x ’a) ’g #’simple?)

cEp
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((7x (elt g 0)) ((quote a) (elt g 1)))

FEIX A FIRAITT LA THE £ (g seq):
((g seq) (7x (elt g 0)) ((quote a) (elt g 1)))
SN IBEE RN MK 45 gen-matche IR length (58 15 01) AU SEBUARKE , gen-match B 5G—fid 2
FRAI LR, SR E eI R A % EAE HIREE. 4 gen-match ETEITAICEN, EHtiR A H then 24,
Wi (print 7x)%e (EEBIHBIRAYES L X MR FMERAEA then 2HUL % matchl. BUEIRNTIASE—1
GOX R -
(matchl ’(((quote a) (elt g 1))) ’(print ?x) ’(else function))
(GEF
(if (equal (quote a) (elt g 1))

(print 7x)

(else function))
IR IR LR T N 75— matchl P Y then 240, 158 (UELKG N /5 HY matchl P A then 240, X
> if-match B RE SRR RAEIE 18.9 ° Hio

(if-match (7x ’a) seq
(print 7x))

JEIT )k

(let ((7x ’#:g1))
(labels ((#:g3 nil nil))
(let ((#:g2 seq))
(if (and (typep #:g2 ’sequence)
(= (length #:g2) 2))
(let ((#:g5 (elt #:g2 0)))
(if (or (gensym? 7x) (equal ?x #:g5))
(let ((7x #:g5))
(if (equal ’a (elt #:g2 1))
(print 7x)
(#:83)))
(#:23)))
(#:83)))))

K 18.9: —~ if-match W BT

FEXA FRIT AWM HE] T gensym (A7), iIX T Y A AMIF . fEIsfTi, —28
AR PR AR — 050, IR Se AR i 44 2 F gensym ZE A, B A& T BERIdAE . AR T 2x 7T
TR BHEEGRAE ] T —A> gensym , LASERH & M AHE DEFLHRAE IR LS — B

FEFTH) if-match 1 A TTRINERBORET A4 EAEI A T IXERE Lisp 2 WA LA T
B RIS | AR IA = —FE
> (let ((n 3))

(if-match (?x n ’n ’(a b)) (1 3 n (a b))

7x))
1

INE A G R E AR T destruc (8 18.1) THH M. IR Al D2 grest B
= &body K (match %K%ﬁﬁﬁﬂ/ﬂ)o FEHERN destruc M T — M7 TIHAERF et FH subseq,

2P OO YR Y then 2402 7x, X W iZAE TR
SRR R EA R, B UL Y (gensym? x) N (gensym? 7x) o
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B if-match ¥ TAEEARMZERP ] Lo W abab SR FHHT A K E S, © AT LAgE T 1A 5/ 245
i

> (abab "abab")

#\a

#\b

> (abab #(1 2 1 2))

1
2

F b BT LME dbind UREATIREES 2%

> (if-match (?x (1 . ?y) . ?x) ’((a b) #(1 2 3) a b)
(values 7x ?y))

(A B)

#(2 3)

EEE A R EHMEE AR R TTR RN ok 7o SRR R LOX Ry S i, %5 20K sprint-
array* WEN to

TEAT  FATTFHAZ A ERE— 08T ) AR T PA— 87 B TR ) 22/ F DT 3 . /E if-match
B A T FRATA T HAEERTEGLEACHIES AR B RN TREN LR, ©
{REZN=NE o EIET e o
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— N ERGIEE

TERTTH T BE LALLM AT EREIA, if-natch WEMHENE 18.7 F1 18.8 THIFTAMR
i, AN 18.1 1) destruce AN AR Z: HARTTAAMAGTRATH A J5 — D38 iR ARG T o WERTE
JE/ NI 2 Lisp WA IR 4K 25 AE o 8 LB S — W R A BB CRYH R ECE 1 H 451
FAE if-match HE S T i, X2 B BA B O —ER AR

PATHESLBLAE Lisp FHIES A #ARE ST o Fl“SCH TH” —# XD ARIBIFRATHEE L if-
match AIRENERSCH TH HECEH KA S ARXIEFTHIERT .

A ZCITE F MIRLE I Se i e B R 2 SLBL AT 5 SR F . B SRR 1915 5 SRR, 52
IR T ol R R . A W EAEREIE S B IY R BIE ARG AT LIS P B B A
e XTSI R, X ARG T LAA N KA T o URAT DALEVRARZE AR SE ISR A B, T LR AR Y
BB AR o

¥ fE Lisp B, BME M A 722, EIFREREE B, /R e DUH T B AR R SE IR A SCIE = o (ETALEE SR
T H BB ESOR 22500 AR A Lisp BY— D —JC YRR 7R e R A 1685 2 (), /R 1Y Lisp 27
BRI Lisp MRIIFIFR . AEIX DU B THAREIE 5 40—,

& AR AR TE F 012 cros, Rl Common Lisp Object Systemo Q1 AR AR B — 8 15 5 2
I8 AT RN G T RRAS I8 L BB 'S — DT dikde . 7E Lisp AU EXHFE T o B IFAFISGE cLos HifS 5
P MRS b ke N 22 . X —BE RS H A LI Lisp 5 K.

TR ETSEHILMRARIES B 7o AREGHIR A — BB AR & R i
F Lisp o (IRHSTEEBIX MR if-match A — RINMBERIHTT . ) BTN BNE — D RS,
ZARGH TR . 25, X MR LB — A g ieds , Seh b, RS0 7 — BRI
T —— IXBL A RE P B, ik B RE B I S Lisp 5o

19.1 HIEE

T URTHHE B, Bl PERE TR . AL, X B T T R ARG SRS IR B fltn, 3k
IT# “Joshua Reynolds /&N AE1E T 1723 %8 1792 4 H T W 587 XA FHLF IR :

(painter reynolds joshua english)
(dates reynolds 1723 1792)

5 BRGNS, HTChREIMETT i . FRATAT LM, to T — R 3% :
(painter reynolds joshua 1723 1792 english)

BRI T A P R E . e RYBRBE X LT H (F 58) I HSE P ITR (77) KK5.
FEIXLCLRN AT —Z I AR AT LALAE )RS Ly 2 1 o of e F TR e

AT 2R RG22 /D SR PR R — TS %, — R TEARE . B 19.0 hEa AR
UL EARR P A S T IX LB B ERER i MEA R SIIR MG AR SR EIIRIEIRRR
le

SR 19.1 1 5E SRR e pR SR 2 R e (B E AT TEOA B R AR X R AT *default-dbk. fF
A Common Lisp LAY, AT EHRAE 2 R R I RE F H BEATEOGLEAN ] AT IA RIH] 7K
HH#| xdefault-db*.
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(defun make-db (&optional (size 100))
(make-hash-table :size size))

(defvar *default-db* (make-db))

(defun clear-db (&optional (db *default-db*))
(clrhash db))

(defmacro db-query (key &optional (db ’*default-dbx))
‘(gethash ,key ,db))

(defun db-push (key val &optional (db *default-dbx))
(push val (db-query key db)))

(defmacro fact (pred &rest args)
‘(progn (db-push ’,pred ’,args)
’,args))

P 19.1: FEA I E A 22 R AL

FATWH clear-db, MIIAH RS , XM ir S 252 YR8 2. FATEL LS db-query — B THRE
WEESE, ] db-push REFTSE SAm A B — AR R . IEANSE 12.1 T BEURRRERAREE ,— N RIT n] 15
MBI A F & ER . T db-query A2 LAXFFT HE LAY, Bir AFATRT L] 5 A2 35 17 19 db-
query £ push 155, £ Common Lisp B, BRAFEFHITEE , W6 A 3 T AYTHEOTIA LN nil , iIXFEAEAT key
FERIGI R — 2R G 2 KB &G, fact 2 ARG EIR AR 5.
> (fact painter reynolds joshua english)

(REYNOLDS JOSHUA ENGLISH)

> (fact painter canale antonio venetian)
(CANALE ANTONIO VENETIAN)

> (db-query ’painter)

((CANALE ANTONIO VENETIAN)

(REYNOLDS JOSHUA ENGLISH))
T

Hrp ¢ J& db-query IRIFIFYEE —ME. 1M db-query £ B gethash, f5# WIHE B [ HY 55 —MEMEHN
—RIC, ARG O : RIS &I H  FEZ I T —ME nil HHH

19.2 EXTEEF

Z T db-query KAL) 28 AR, H SRR T SO AR R 18 P 2 AR R 1 [, A
SRR SIS — TR NBZME T e MRS EE MRS . £ IR A
TEE B AT A BT i AL S Le 2 R & B —— BN, BT A £ T 1697 SERY I A IE LR

FATORE IR — R BTG S . (e XM ERIES b, th 8 8 R0 2 192
W, TNy A iE R HIRRTTER B 25 RSt . XM RIS & T R AT H W &G AP R X
TIARES , FRATHRES B I A FDS A @ fA4E—1 (painter z ...) JEAHYFL, LI —1 (dates
x 1697 .. .) WA IRFR XA TR B . AT AT LLE N X AR g | - A AT 1697 4R
B 5
(and (painter 7x 7y 7z)

(dates 7x 1697 7w))

FATHIRE P AME S B RN — L 2R ) 18] B30 IR REAS 10125 1 and M1 or IX SEiB ARARAE A4
M RAMERE A B 19.2 LA H T &iHH S BB
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(query) : ({symbol) (argument)*)
: (not (query))
: (and (query)*)
: (or (query)*)
(argument) : ?(symbol)
: (symbol)
: (number)
Pl 19.2: Eififik

MO EMRTRIAR RS/, Br A A REH BT IR R AL o I RARIE R 25 1 R Y
YAk, Uk RT AL A S AR R 3, I ELOEEE — D 2080 F 56 £ 6947 15 TAAR S8 iX 1 BRA o

FIVF 2 LI R G — 4, X RE P T EAERBUASE IR UL A B T MR SL 2 50, A BT A B
ORI o AR A P AR SOAERR B, not IRAEAF IS ). KRR B URAT LAGE ] Waynes
World * #7522 K P B

(edible motor-oil not)

LR not BRAFRF AN S XHIX LSS TS IRIAL o

FEGRRETE = B R MR AN A AR P 2 TRl A 5 AR DRl o AEAS B2 SCINAT I B A4, FRATTH  fA 2
Bl EARAHE B W R M B B R AR 1 2 200, SRR ARl — 1
A, X RRFBITR, 2R BIEE R SR B, 20u g — M E iRy SR IS
A o

193 —NEAERESE

N1 LA ERIE S AT AL 18.4 75 LB LA T . & 19.3 AR ELAT
DMEREE 19.2 IRFOIE AR il IX BUAHS B HIAZ 0 R EUE interpret-query, B3 I M X & Z5 A5 1) HY 4K
PREE A TR AEIX IR P A B E o« B 2B ) B SRABAZ N /e 25 F 7 12547, % Common Lisp A
SRt

2B HI TR R LAY _ L interpret-query I lookup. X HLIE R ITAL A A B #TT o
PRAL Lookup #4321~ H 1H 1A] M HZHUF) R PIr A il O, S8 ) 3% (] — 4> RE A% A =G DG P 31 24 12 Hh A4
HLFTAYERI VIR . BB SR A 1% 38 8 BB ZE SR T, 285 A ) match (18.5 T1) B ATFIRIA A
— . M UCEC D, R Bl — N EEE SR, SRS Lookup iR Bl —/NE A T IX L5 R A A 3 o

> (lookup ’painter ’(7x 7y english))
(((?Y . JOSHUA) (7X . REYNOLDS)))

SRJE  IXLESE R AR 57 T I 1B ARV EAT BB B, sl Al &0 RIS A LIS R M AR 1], H
H PR IR R GENES . WERME 19.4 g IS A8 4 N & A S SE AT 010 I (9 2%
> (interpret-query ’(and (painter 7x 7y 7z)
(dates ?7x 1697 7w)))

(C(?w . 1768) (?Z . VENETIAN) (7Y . ANTONIO) (?X . CANALE))
((?w . 1772) (?Z . ENGLISH) (?Y . WILLIAM) (?X . HOGARTH)))

A B B RO i) ) LATCER B S AR E . £ DEUE LT, BBk A Le R IR (2
Mo 2Bl TR TR RS I A 5 AT REAR A H AL PR 2L R

T : Wayne's World A& _E 4D 90 4248 NBC $AHERY RBVFER], GBS AR, 0« RCHE 2 2y o HP i m A i
L XATEMITE AR 7 BT BT ENIE w4 . RIS R R i3Ik T AR AR AT R AR .
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(defmacro with-answer (query &body body)
(let ((binds (gensym)))
‘(dolist (,binds (interpret-query ’,query))
(let , (mapcar #’(lambda (v)
‘(,v (binding ’,v ,binds)))
(vars-in query #’atom))
,@body))))

(defun interpret-query (expr &optional binds)
(case (car expr)
(and (interpret-and (reverse (cdr expr)) binds))
(or (interpret-or (cdr expr) binds))
(not (interpret-not (cadr expr) binds))
(t  (lookup (car expr) (cdr expr) binds))))

(defun interpret-and (clauses binds)
(if (null clauses)
(1ist binds)
(mapcan #’(lambda (b)
(interpret-query (car clauses) b))
(interpret-and (cdr clauses) binds))))

(defun interpret-or (clauses binds)
(mapcan #’(lambda (c)
(interpret-query c binds))
clauses))

(defun interpret-not (clause binds)
(if (interpret-query clause binds)
nil
(1ist binds)))
(defun lookup (pred args &optional binds)
(mapcan #’(lambda (x)

(aif2 (match x args binds) (list it)))
(db-query pred)))

K 19.3: EIEREG

(clear-db)

(fact painter hogarth william english)
(fact painter canale antonio venetian)
(fact painter reynolds joshua english)
(fact dates hogarth 1697 1772)

(fact dates canale 1697 1768)

(fact dates reynolds 1723 1792)

] 19.4: — LB R 7R BRSNS

7 with-answer f2fft | —/ME Lisp 25 B0 X B RS T R R T k. BRI — 128
ﬁ]@iﬁ%ﬁf%ﬁé?%&ﬁ@%iﬁﬂ;iié%égéﬁﬂﬁﬁﬂyﬂﬁgﬁ\fﬁﬁgf$o with-answer'é?ﬁ%}?ﬁﬁii$¥ﬁ@fﬁﬁ%,TZWQﬁEEEEiﬁﬂ
AR T A E RS, 85 AR E R G T & R AL R IE AR RS R . HEE— with-answer
A A3 B AR B () T AR HACR A A o A R S E AR S A AR B with-answer FOR{EAQ
T fA—K.
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H— AN F ™| Hogarth %18 K &4k KFe B 4,

> (with-answer (painter hogarth ?x ?7y)
(princ (list 7x 7y)))

(WILLIAM ENGLISH)

NIL

F—ANET 1697 698 R K, (RN RA646]F)

> (with-answer (and (painter ?x _ _)
(dates 7x 1697 _))
(princ (list 7x)))
(CANALE) (HOGARTH)
NIL

H—ANFET 1772 F B HE 1792 59 A 694 KA b A 4,

> (with-answer (or (dates 7x 7y 1772)
(dates 7x 7y 1792))
(princ (list ?x 7y)))
(HOGARTH 1697) (REYNOLDS 1723)
NIL

B AT EABRM B R AT FF 43 E 8 R4 K,

> (with-answer (and (painter ?x _ english)
(dates 7x 7b _)
(not (and (painter 7x2 _ venetian)
(dates 7x2 7b _))))
(princ 7x))
REYNOLDS
NIL

P 19.5: (i I AR

WA E AR 19.4 FF B9 I 18] 19.5 FR B 51 1 —L8af rp ORI BB 7o IR0 DL i 2
H1 match SERHY , RIAERC AR R LAGE R RIZeE OB RCAT -

N T ARG A BT AR, B R ARG A B RS BT BV T &S5 R — BT, with-ansver
(ARG A4 AT LA AR Lisp kAo

19.4 487E L HIBR I

X F R AR R e e DR 0 XA R E A AR — 28R filan, vt 2 N B A
(not (painter 7x 7y 72))
FOZIAE I EMAESS 7x £ 7y We? AAAETCIRZM RN HR L FH) 7x M 2y B9 G RIERATHE N
T RBIBRA : not BRVERPRGS IEHARLE B A I Z05E , Bilnix B
(and (painter 7x 7y 7z) (not (dates 7x 1772 ?7d)))
EURAREIRE B a2 BRI E . A A RGP E G R, o /005eHk th Bir Ay Y 1 52, S8 PR
ARLEBA LT 1772 . BRBATE TAIRINF A :
(and (not (dates 7x 1772 7d)) (painter 7x 7y 7z)) ; wrong

W2, REFEAEAT AT 1772 FF Y HE K, 85584 2 nile BIELESE — 675, AT AZ N AT LA
1E with-answer F6iA 0 FACHAAR B AEFH 20 BI(E.
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FIFEJEM (or g1 ... qn) BIFRIEAIABIERT LASLPR A AR IR FT A ¢ BAVRRRIZEE Wk

— with-answer & T & if

(or (painter ?x 7y 7z) (dates 7x 7b 7d))

PRA] DAAREE ] 2x BIE0E , FEATCIRE— D T &) T, A A —1 2x BI40E. HCIR 7y B2 7
b #APRUEA] LA I 15 8] — N E0E , R B H R — > ERmT Lhe A& H0E iU ek
B nilo

195 —APEHRIFSE

K 19.3 FEARDSEEL T BRATEE R EE , (BRRAR . B 5, BN S IR0 C ARy, 2
Frid AV TARTRAE T asA T 5e e Hk, R PRl i A SR R A AR 0, LS AT LU AR oA
FEMTHECIER . FATADH—F0 77 2 E L with-answer, [F]I AR DX H > [A]#

& 19.6 % LT — 8T i) with-answero X ASHTHISEITR T — MES, BI6 T avg (125 1), 1F if-
match (166 T1) k7K T Nk 7 B SEBLAE 2 73 40 56 A 1 JE0R 1B AR AE s 47 1 O K AR TAE. & 19.6 F1
P 19.3 HHYABSER L — B (HRETH T AR EOC— RAEISF T I . X EEeR BN A R E , BN E
Fe A AT, T LA A 5N with-answer RITA—#05. RIS, X LEAADIGARHE 4 B 4L
P AR 7= Al /R AT BRI G05E o

MBCR ERF XA E RN Z. 197 F 2R T with-answer 7 BT HIBRE. KEEL
T A2 pat-match (166 11) SERHT, ARG MR — 7 UL, s/ TIT 2R3 8o A 1 191
25 H B B 2R R LT

RIME toplevel N with-answer A EIHEF T iFAL R L-P 3T A0 AL . SoR ARG AR A K,
KAE, SR AR i (HE Y with-answer KIAFUHIBLAE Lisp F2 17 BRI, 27m 20 f) ARG it i
THERIFE 5 IXFE, Uit S B R T I, BT A A A X R A A K (inline)
Uik o

RAE XN FOTIER) F AR RERE B EHil with-ansver FIAXHIF RN T BT ERAG. X
BARIENASOE Lo B, il H R ZHEMERORE T, BT ABATAT LA -
> (setq my-favorite-year 1723)

1723
> (with-answer (dates ?x my-favorite-year 7d)
(format t "~A was born in my favorite year.~%" 7x))

REYNOLDS was born in my favorite year.
NIL

BAREA R A L RIAE T DM i (HAA 2 T 0 evale 1M ELEIEAI  fEEMSEPIA R
TeE5 | AL

1T BUAE A A I 2 HEB 2 WORE, B MBI 2R E 2 H B 5 15250 (B0 english) #RM %
#E K. (LE 19.8)

BT ES AR EBAETT LU 2 ) M A A 1) T A 558 1Y Lisp k. Al iastim 7
— > Lisp #AERF, B R AT Lisp RIEX o WUE not BAEFRFINEE , EAS A UM 4RE B E 4 HERRAR
BEAFRA AR nil BIGRE. (EFREAMNEW > BN EIEIFEN, 1isp HAFFFRRER LA
> (with-answer (and (dates ?x 7b ?7d)

(1isp (> (- 7d 7b) 70)))
(format t "~A lived over 70 years.~%" ?x))

CANALE lived over 70 years.
HOGARTH lived over 70 years.

S R RI A GH 5 AT LR 5 A8 P 5 TR S S 15 KATE

Snt
[
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(defmacro with-answer (query &body body)
‘(with-gensyms , (vars-in query #’simple?)
, (compile-query query ‘(progn ,@body))))

(defun compile-query (q body)
(case (car q)
(and (compile-and (cdr q) body))
(or  (compile-or (cdr q) body))
(not (compile-not (cadr q) body))
(1isp ‘(if ,(cadr q) ,body))
(t (compile-simple q body))))

(defun compile-simple (q body)
(let ((fact (gensym)))
‘(dolist (,fact (db-query ’,(car q)))
(pat-match ,(cdr q) ,fact ,body nil))))

(defun compile-and (clauses body)
(if (null clauses)
body
(compile-query (car clauses)
(compile-and (cdr clauses) body))))

(defun compile-or (clauses body)
(if (null clauses)
nil
(let ((gbod (gensym))
(vars (vars-in body #’simple?)))
‘(labels ((,gbod ,vars ,body))
,@(mapcar #’(lambda (cl)
(compile-query cl ‘(,gbod ,@vars)))
clauses)))))

(defun compile-not (q body)
(let ((tag (gensym)))
‘(if (block ,tag
, (compile-query q ‘(return-from ,tag nil))
t)
,body)))

K 19.6: B i1

B 1 WA BRI A —— 2B SRAE A BGRTHY Lisp BRAERT —— A0 G 5o A2 10 AR 48 08

EIE S &R B 19.8 Wor T A4 T 19.4 18 LRI I 46 i) 7 1 25

FATE IR R, B A G 3 5 FF R AR, HOR HAF NP3 SS eval L% B 17.2 T4 22 A
BT PR BB SRR T H A i 20k 2R SN B TRk B R SCH g TR A BN A R RS 2 AR
FRELe 8 AR BT W S B AE O B S A 1o 1T L IR DX e 1) £ 2535 i 11 ] BT Lisp AURS A

N1 B ELE AT AR TR £7F 3.
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(with-answer (painter ?x 7y 7z)
(format t "~A ~A is a painter.~%" ?y 7x))

WA T

(dolist (#:gl (interpret-query ’(painter 7x 7y 7z)))
(let ((?x (binding ’?7x #:g1))
(?y (binding ’7y #:g1))
(?z (binding 7z #:g1)))
(format t "~A ~A is a painter.~)" 7y ?x)))

AR e FEE T e

(with-gensyms (?x 7y 7z)
(dolist (#:g1l (db-query ’painter))
(pat-match (?x 7y ?7z) #:gl
(progn
(format t "~A ~A is a painter.~}" 7y 7x))
nil)))

P 19.7: [Fl— AP RIS

#—N4& F ™ Hogarth #93 F 694 KA B 4,

> (with-answer (painter ’hogarth 7x 7y)
(princ (list 7x 7y)))

(WILLIAM ENGLISH)

NIL

F—ANTFREANRI & F AT R 09K 8 Lo K,

> (with-answer (and (painter ?x _ ’english)
(dates ?x ?b )
(not (and (painter ?x2 _ ’venetian)
(dates ?7x2 ?b _))))
(princ 7x))
REYNOLDS
NIL

H—AT 1770 53] 1800 5FIF K M 69 & K b9 4 KAe st = 517,

> (with-answer (and (painter 7x _ _)
(dates 7x _ 7d)
(lisp (< 1770 7d 1800)))
(princ (list 7x 7d)))
(REYNOLDS 1792) (HOGARTH 1772)
NIL

& 19.8: £ H & 9w iFaR




ZF{E (continuation)

BHERAEIBAT RS T R RIS A T BRSO R o UK GERER, A
B R AT AR AT ER R S BT PR A TR AT X T SRR E ST A (RIS, REAS DRAFAR P RS IR AE
ZIREFRAFE AR BlnfEL gt d, SSEnT LRI (E i Fon Bl R 0ERE . M/ IR E TR 18 2 (R
FOHL B3 W] LA SRR P ZA R 19

BN TR SSE B AT LR . AR E D AR XA T AT W R S TSI
f£ Scheme YR ], X[ ITEH NE 7 XEIE BYSCRr. — HUWHRE 1T EIERIATN , 58 B R on anfy
JZEAE Common Lisp 27 B SCIULERE . 58 21-24 FADH B U LK -

20.1 Scheme Z£ZE

Scheme M Common Lisp &)L/ F 2T HAAAEE AR, Hrpz —mid & A B 208, A
IR R LELELE Scheme HY TAETT . (18 20.1 JH T Scheme 1 Common Lisp [H]—28 H A X1 )

St — MERE T A BRI B8 AE R Dk AR AR, S A AT B AR 4 2R ]
HIE. a0, 1

/ (-x1) 2)

HSRAE (- x 1) B AN /7 SRIAFGRAESEE X ME, R A 75— A e S5 € 0918 iR
T2, fa B A& E #) toplevel | ——print IFEFEARE .

FERAT I, FATES AT LB ST — DS R AR B ZIA =0 A 2 toplevel , IR 44 T
FiEA (- x 1) BORIER, SHE K2

(lambda (val) (/ val 2))
ot R, 8 PRI & AT Lodid 7ER [MHE_E I A IX A R BOR I . ANz 38 7 Tl iy B R SCHR H B

(define (f1 w)
(let ((y (£2 w)))
(if (integer? y) (1list ’a y) ’b)))

(define (£f2 x)
(/ (-x1)2)

JfH £1 1% toplevel FHFWA, IFA2Y (- x 1) BRIEN, B4 AT

(lambda (val)
(let ((y (/ val 2)))
(if (integer? y) (list ’a y) ’b)))

. Scheme H, ZE4E MIBRELFIFER S ISR o IRATLAESR Scheme & B G RTHISEAE , SRIE E A AR A
A AR SE R B, SR AR S RA] MBI AR X DX 52 SRS AE VR T F B I
TR A ER BRI T & A H A

SEE ] LABRAE O — PR LAY P AL — 1 eR RN L — LE 45 10 A G 6 N R AL A AR A A
fREr . BUENGE— A R AU _E— R LA AT R B R TR 5. ST RORER, EaR 0l A2 H]

179



180 % 20% 4:3E (continuation)

1. £ Common Lisp R H1, — 451 symbol-value 1 symbol-function A& —H£HY, M Scheme
X AEX S o AE Scheme BLIAT, A8t FUAME— XS AUE, B R LU A BREL, ta] LA 55—t
%o I, 1 Scheme AT #° 5 funcall T Common Lisp fJ:

(let ((f #’(lambda (x) (1+ x))))
(funcall f 2))

TE Scheme "HHAZ A :

(let ((f (lambda (x) (1+ x))))
(f 2))

2. HT Scheme HA—" 723 [0], I & %A L EEA &44 525 (8] 2 [T50E0 B  TRAE 45 1F
7 (140 defun Fl setq). UMM, B H define, define HIFEHIFI defvar KEUH Y, [F 1T
H set! BRT setqe EH set! ﬁé%ﬁ%ﬁfﬁﬁﬁ,%‘?ﬁ%ﬂq define QX AN

3. fE Scheme ', 1H % H define & LA Z K%L, BI7{li% defun I defvar £ Common Lisp H' [
Iifi. Common Lisp [:

(defun foo (x) (1+ x))
B WM ATEENY Scheme #1%

(define foo (lambda (x) (1+ x)))
(define (foo x) (1+ x))

4. {£ Common Lisp H', BRELI ZEGE N2 BAG B SKAE . TAE Scheme 1, A EHIASXT SKAB Y
IMURLE . OF HIE S IS BEX T R0 R RSB R R . )

5. Scheme /M t Flnil FHN AT, BF #t fl #f. FHFE, O AL B E AR S LS B
A

6. cond fl case KA BN FHIE Scheme Hili f else K, M A& Common Lisp H 1 to

7. HELCN BRI A A U T consp BT pair?,ifl null NJ& null? mapcar ULP) & map,
SEAE . AR LR OC, IZ AR X SE AR A R

4 20.1: Scheme 11 Common Lisp 2 [H] ] —£E[X 1]

H O HARTE DUR 55 TS A 4 iR . AR IS DS 2 7E Ty I QR AR Ty I 28R, A4,
ERAB M 2 Ty IR

Scheme T2 718 N E#EERF call-with-current-continuation (485 N call/cc) JHifsa) 24 fij£:
HEo HJ—PRRFAE—DENSEAI R LW call/cc B :
(call-with-current-continuation

(lambda (cc)
o))

XA PR B WAL 3 — N R Y TS B PR A 1 co WOAE AEBUAE 3 AN H 7, Fe ATk vl AR A5
1E call/cc Ab— i B THERR A
TEIXA 15 FATT append H— 14136, YIS )G — TR 21 call/cc FKiAIR A :
> (define frozen)
FROZEN

> (append ’(the call/cc returned)
(list (call-with-current-continuation
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(lambda (cc)
(set! frozen cc)
’a))))
(THE CALL/CC RETURNED A)

XA call/cc iBRMI T a, (HEFHEHBHIERIFIE T 2 M2 it frozen Ho
WH frozen &' FEAE call/cc A— S LR IHTHEE B 15, TLILFRAUEL frozen [T AMH, XA
THEREAE N call/cc HIMER A ;

> (frozen ’again)
(THE CALL/CC RETURNED AGAIN)

BHEAN 2 FHERIETT I SE . ENTR LIRS A AR AR Ho At i s A R —H

> (frozen ’thrice)
(THE CALL/CC RETURNED THRICE)

I FLE H A A P B — S R , JTR] AR R A 21 A iR e 2 5B R ERAT AT

FH
.

> (+ 1 (frozen ’safely))
(THE CALL/CC RETURNED SAFELY)

X RGN + Y frozen WM 204 7o J5EIREIR] T B E X OTEN I L B4 1ist , 285
B append,EzéU toplevel. 4R frozen 4 1EH AU H AREEIR B T —ME, 34 LT A 20 A 24
—NFIZEIN 1 I A — AR
BT ARS T NE R H O — R o BT REIR HAh S 4E 5l Y BT IEAE I TRY T R L =
AR, TR A SE R T
> (define frozl)
FROZ1
> (define froz2)
FROZ2
> (let ((x 0))
(call-with-current-continuation
(lambda (cc)
(set! frozl cc)
(set! froz2 cc)))
(set! x (1+ x))

x)
1

PRI FRAT A 30 [m] i 44k A R 2

(froz2 ()

>
2
> (frozl ()

3

T call/cc FIEIEIHEEFE, FrLATCIEFRATTZS frozl Fll froz2 fHASEHIIC K K 2L,

IMAERERAF T ERPRES T, FATT LA e M 2WE 2 56 21-24 TEEO T SRRERY M H o i B3
A LR B 7, T REMS AR B A A (RIS SR R Y B - (B — AR, FRATTAR M B AR AR #T B
— MR, A — VL, BRSPS A .

BT AR R EFN R KRR . 5 47 TUERNIAR T — Pl — XM m iR 1 77 e IX IR 75 —F
Ji¥E, SRV A (R B E, AR BRI 1o AEIXFI IR iR B 1Y AR B T — M5
7, H car (A RAFAERX N A EAE, H cdr B8 S Z TR R B0, 1 20.2 B2 7R B PR AT LA
BERTR I :



182 % 20% 4:3E (continuation)

(a) t1 (b) t2

& 20.2: PARRH

(define (dft tree)
(cond ((null? tree) ())
((not (pair? tree)) (write tree))
(else (dft (car tree))
(dft (cdr tree)))))

(define *saved* ())

(define (dft-node tree)
(cond ((null? tree) (restart))
((not (pair? tree)) tree)
(else (call-with-current-continuation
(lambda (cc)
(set! *savedx*
(cons (lambda ()
(cc (dft-node (cdr tree))))
*savedx) )
(dft-node (car tree)))))))

(define (restart)
(if (null? *saved*)
’done
(let ((cont (car *savedx*)))
(set! *saved* (cdr *savedx*))

(cont))))

(define (dft2 tree)
(set! *saved* ())
(let ((node (dft-node tree)))
(cond ((eq? node ’done) ())
(else (write node)
(restart)))))

& 20.3: FHSEEEk il i g

(define t1 ’(a (b (d h)) (c e (f i) g)))
(define t2 ’(1 (2 (3 6 7) 4 5)))

P 20.3 BRI BT REAEXAE AU LR EEOL I R o AESEhR AR B, AT REAR BEAE B 23T Ui
EA—Ed . XBEICRITHEAN . O TAETHAL X B8 AR AL af e SEI0 18 AR BEAL G 1 -
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> (dft t1)
ABDHCEFIG()

PREL dft-node 4 [ [FIAF A B8 720 I IR ARAR , (A Ik H AL —5 200 24 dft-node FiE—5 filf IR
EH N car &, I HAE *saved* BJEA—MEEIERNNNEE cdr F53-

> (dft-node t1)
A

A restart ﬁTElﬁ%éiﬁﬁﬁE,VF%E%%??Hﬂﬁ%ﬂf@%Z?E@ %ﬁﬂiﬁ?ﬁﬁfﬁizo

> (restart)
B

)G, A Z B R RPIRSH N 7 T restart Wi 1R [0] done il X —Hf 5L

> (restart)
G

> (restart)
DONE

HJr, AL af o2 HUEATRIATF T 58 ) TAE TR — 2

> (dft2 t1)
ABDHCEFIG()

AT afe2 1Y@ SCHEEA WU HBGEAR  J5 9k 7 s T BN HK 2 KN H restart 5 ARYSEHE
SRR P E] dft-node M FEIFEH cond AR
AR B TAE T R ZE A2 . B8 dft-node W42 H — D Hl. — HiRMEA
f%:done,dft-node Ja TH FACHE IS restart s HIA & B 24 L. iiﬁ\iii%é§**E§T%éi,Ei?”?”ﬂi[]
R BERE o IXI, dft2 ¥ AT HNR FHE , TR 1] #£ . (EHSHERIE 27200k T —Fm 5 %7
AR SRS 4 G & R AT E AR b SRR R i [ 198 B R ARAS 25
WRIRATF R AR R I 3 g — AR A% age2 BOIRRE IR 4 SeAE B B HTX MR . dft-node Y
LT, ] LAFIHE T e i 252l BaA R, ¢ B3R AT AR B Se R DU A= i TR
SRR
> (set! *saved*x ())
O

> (let ((nodel (dft-node t1)))
(if (eq? nodel ’done)

’done

(list nodel (dft-node t2))))
(A 1)
> (restart)

a2

> (restart)
(B 1)

B BOR, BA TR IR A HE A R AT BT E IARB P AR5 . T I S0 , W REE 3 5 SR b4k
PP IEAEREA T A P BRAERDIRZS e X T A B B fa] FRART TR | BEORAF BA AR R B B AN SR o
FERF ANE VRS, BT ABAT R DA AR “BAER TR B SEERY I N Z AT, RIS 5
INMERBAR S AE-5 2 SCHK , R AT LAEAE AT B T SRR AR AT B X R B AT
HAABREOE RS, LEEF ENTA RO T 1.



184 % 20% 4:3E (continuation)

NS 24 TAGEE IR, X P AR5 AR IIE SEAE Prolog H S 2K H %L, 7E Prolog F2/7 H, “fH 2%
87 AR B A, M SRR PP A R R — R e I ELIX 2R 22 2 TR 55 AT, iR
N, BATARESR A TR T — IR Z ATE BT 52, Br AU B IME R AP BT AL &, BRI SN TE
pries £

202 SEIERIHE
4% Common Lisp BAHE call/ce, (HEFINHLE), TR T EAS7E Scheme HLIBHEMEF RERY %
17 o AR 7S Common Lisp B HHIHSHE . Scheme NIZEIEA T JATHIFEATY
1. GAE B AR A A M4
2. LIRS — WSS B R A A 4.

FE— M RREVE Y Lisp B, PAGLZS T IATHTHE o W] LA A TR AESE A R 53 MG
ARSI SR A AR A 0 E B o

(defvar *actual-cont* #’values)

(define-symbol-macro *contx*
*xactual-contx*)

(defmacro =lambda (parms &body body)
‘#’ (lambda (*cont* ,@parms) ,@body))

(defmacro =defun (name parms &body body)
(let ((f (intern (concatenate ’string
"=" (symbol-name name)))))
¢ (progn
(defmacro ,name ,parms
‘(,”,f *cont* ,,Qparms))
(defun ,f (*cont* ,@parms) ,@body))))

(defmacro =bind (parms expr &body body)
‘(let ((*cont* #’(lambda ,parms ,@body))) ,expr))

(defmacro =values (&rest retvals)
¢ (funcall *cont* ,Q@retvals))

(defmacro =funcall (fn &rest args)
“(funcall ,fn *cont* ,Q@args))

(defmacro =apply (fn &rest args)
‘(apply ,fn *cont* ,Qargs))

& 20.4: ZBEAEE 7

P 20.4 25 A Z L IRATREAEAR B ST AU U0 T, BEAT R BOR Mo X L8 Z2BUR T JL AW B Y Common
Lisp form , E A1 THEH R E SCRREL, BEATRRZIA T, ARG 8] R 2 (E

U RA R B B ST | B X A _R KU Y R B B B IR 20% R % =defun TTIAS
& defun FEX o =defun EV]IE%%D defun THE‘[ ,4ﬁﬁiﬁ%ﬁ%ﬁﬁﬁ’)m7§%”o =defun %S&E’]%K%ﬁﬁﬁ
AEREL, B SRR ERE ST AN EREON A XA RS EIT BOZ R AR o (28 LS, B IR 2
BOE LI REA T RERTM A C o ) BB R EE L =defun B9 (HE T A — T2, Wl +contx,
CHERIEFRARIE 2% Lo fE2RITR R, *contx M HAMSE—FRIELEX D REL. itk
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(=defun addl (x) (=values (1+ x)))

TR JETE I

(progn (defmacro addl (x)
‘(=addl *cont* ,x))
(defun =addl (*cont* x)
(=values (1+ x))))

LI add1 B, SEBRAEH AU R B EOTE DR XS I M EOA Y B A A T —
N2 xcontko FTLL AEVI I =defun & SLAHRIERF RN, *cont* HY2 HI{ELEE BB B L 145 -

B *cont* A2 FWE? b%%ﬁ‘ifﬁﬁmﬁéﬁuﬁ’ﬂiko =values /& LR [IXMNEHER . HE
=M defuanXEI’]?’kﬁ HRWAATIE T =values ﬂé@@fﬁ s W A — M =values MYPR%L. =values
f)18¥5 S Common Lisp H values H[Al. WA A M FEAUR S =bind S5 BRI, B LU E £
&, HEARER A ZHF] toplevel.

Z 1 xcont*x A IUFAE M =defun & S HY BRI HO HaR EHE AT 240 24 =values ?‘ﬁ%ﬁ%ﬁiz%‘ﬁ
2 *contx , FH BRI HCR FIERTERE . FiA

(=values (1+ n))
2 JRIT L
(funcall *cont* (1+ n))

1E toplevel ,*cont* H{H/E #>values?, X HLHE Y T — M EIEH values Z1HIRIE. M FRATTE toplevel
P (add1 2) B XA B Z RIS RS

(funcall #’ (lambda (*cont* n) (=values (1+ n))) *cont* 2)

xcont B 5| HEX MG M5 2] 2 B8 .ﬁ =values FiAN L JEEM T T
(funcall #’values (1+ n))

RIFEAE n B 1, FFiIR 145 R

TEZAL add1 BYRRELCE  FRATVCAR T B E RE ANk 2R TR Lisp 3547 eRE0 AR [RHE A I A -
> (=defun bar (x)

(=values (list ’a (addl x))))
BAR

> (bar 5)
(A 6)

KR T BUAEA T “RRECR A A1 <R B0R 1> nr gt 258, T EHLAn SR B A0S A T nT AR e TR E A
HiT7 o
AT Fr PAREARAFEELE A RUR , B ) T4 *cont* HIHFHE . IR *contx HI(EZE L MY, (HIX 42 )5
AR/ E]: xcont*x JLFEAE—PMIEZS, E# =values AN =defun & L ZFTif#E. FIUITE addl
HEREAR | *contx* L& —TES Wﬁ#é%gﬁo A DCREAR A, AR *cont* A& — 1@ EB
AT IX e % T vk TR, ° B 204 958 =A%%,=bind, H A multiple-value-bind fH[H. &
BZ— 2%, —DRIBA, DD SECH 0 E B ZRB R [ HE AR AR £ 48
FETHORAE. A H =defun & LHTEREL, AEREORM T 2 5, T80 55— Rk g TsRAE, BB 250 B 3%
i/ =bind %
'y =defun AL BB EHA EHIR T T intern T HIA T IF LI SRR RSB trace. MR LM trace HIIE, FHAE NG5

HKAENENTNZ TR L4,
2P O, “xcontx WAL identity”, X &HTIRAT. JFHILBHEIREIE T 1 20.4 R R Y xcont* E 3, iX B a2

i TAE
SRR AP AEIX A — £ 1 : “That’s why *cont* is given its initial value in a setq instead of a defvar: the latter would also

proclaim it to be special” JEAFE 1% *cont* 42 RALht & i A F HIEAY , (EiXjd )X T Common Lisp #ifE. 24 T REAEBLA Common
Lisp SEB0_EIBATIX AR, RN T Cuaxa E25 R — MRS 28, (A S 2R BRI E A . BARZ WA 20.4 A ERE AT
(TS
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186 % 20% 4:3E (continuation)

> (=defun message ()
(=values ’hello ’there))
MESSAGE
> (=defun baz ()
(=bind (m n) (message)
(=values (list m n))))
BAZ
> (baz)
(HELLO THERE)

) =bind M EFFXEENE—NFRA *xcont* MIFTA . baz TR
(let ((*cont* #’(lambda (m n)
(=values (list m n)))))
(message))
RIG AR
(let ((*cont* #’(lambda (m n)
(funcall *cont* (list m n)))))
(=message *cont*))
BT *cont* HIFTHZ =bind FIAAX ALK, BT LAY message Wi B H *contx 2K “HR[]” I | 4
KR ZRAAX AR R . AN OF HiX BRI, £F =bind FYFEMAH:
#’ (lambda (m n)
(funcall #*cont* (list m n)))
VENZEAL B LT <baz [ *cont* (I T WLHT, i LY ACRS B9 EACRIER]—> =values I, € ¥ REML IR 1]
SR TR BB R o FrA HE PRI B *cont* HIFNEREL ST E—1 *cont* FHEHI ML, &
ATTER B — 2 0% , B AR Sk AR 1A 22 RN HL
FEIX R FRATH AT DOV 3 B/ NS R AR B
> (let ((f #’values))
(let ((g #’(lambda (x) (funcall f (list ’a x)))))
#’ (lambda (x) (funcall g (list ’b x)))))
#<Interpreted-Function BF6326>
> (funcall * 2)
(A (B 2))
ARG T — DA, AR g FIS IR, I g RS2 — DS AE £ A5 HRIA. 25 54 1T
) W 5 2 i T R A T ALY A LA
TP ZL, 000 2 =apply il =funcall, Bf1& M T H =lambda & X HJ K%L, AL H =defun
FESCHIR I “BRED, NN E AT B SE B 2 7%, Fir IASREVE N Z8L 45 apply B funcalle DRI (AT
AT RN T A 73 T ERRBIAET o il 0 A REAE S — 1 =1ambda HLHI:
> (=defun addl (x)
(=values (1+ x)))
ADD1
> (let ((fn (=lambda (n) (addl n))))
(=bind (y) (=funcall fn 9)
(format nil "9 + 1 = ~A" y)))
"9 + 1 = 10"
] 20.5 45 T BT A R SREE L% 22T 5 | AR R A0SR sREE AN ORAF BT , o AN FH A R A B2
R BRI, AR E I b B H X SE AR R 220 FEUMR 1ist IXFRIT P B R A A XA 77 2
& 20.6 K H & 20.3 B4 M Scheme #HliF1% | Common Lisp, 7 HHZEHELE 725 T Scheme
SRk AR —HRI A, dfv2 FZ BT — R AR RS
SRR X BARE S A LN S (setq *savedx nil) HXMCH (defvar *saved* nil); HiKI4 restart N re-
start I G Common Lisp EA BIFF5 1158, 3 HA4 re-start B8 XHAE dft-node M€ L2 H LA AR J5 2 75 4 13 15 7] LASK
#| re-start M€ Lo
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1. /M =defun & XM R B ZHIN RN GE & BB AUR
2. [ FILESE w0 P 25 Y R B PR, 00T =1ambda B =defun HKAE Lo
3. XKLL BN LET ] =values IR [BIME, 2 FH H A IZ LR AT R AL

4. IR —1> =bind,=values, (¥ =funcall FiAX HIAE—BACEE , B A0E — P ERH. 1
fATAE =bind Z J&7 SKAE R AL HACAS AR B o it AARFRATAR AR A JLAS =bind, EAT]
WA RS -

(=defun foo (x)

(=bind (y) (bar x)
(format t "Ho ")
(=bind (z) (baz x)

(format t "Hum.")
(=values x y 2))))

P 20.5: LEFEAL 16 7% (1 PR

(defun dft (tree)
(cond ((null tree) nil)
((atom tree) (princ tree))
(t (dft (car tree))
(dft (cdr tree)))))

(defvar *saved* nil)

(=defun re-start ()
(if *savedx*
(funcall (pop *savedx))
(=values ’done)))

(=defun dft-node (tree)
(cond ((null tree) (re-start))
((atom tree) (=values tree))
(t (push #’(lambda () (dft-node (cdr tree)))
*savedx*)
(dft-node (car tree)))))

(=defun dft2 (tree)
(setq *saved* nil)
(=bind (node) (dft-node tree)
(cond ((eq node ’done) (=values nil))
(t (princ node)
(re-start)))))

P 20.6: 1 FH] SEHE AL 126 25 Al 17

> (setq t1 ’(a (b (d h)) (c e (f 1) g))
t2 ’(1 (2 (36 7) 4 5)))

(1 (2 (367 45)

> (dft2 t1)

ABDHCEFIG

NIL

1 Scheme B FAMIATT LAGRAF 22 il D IR R XA 1 2 AR A LTI



188 % 20% 4:3E (continuation)

> (=bind (nodel) (dft-node t1)
(if (eq nodel ’done)
’done
(=bind (node2) (dft-node t2)
(list nodel node2))))

(A1)
> (re-start)
(A 2)

; (re-start)
(B 1)

A LA 3R] P A 45 7, Common Lisp R /715 LIS H CUHY €. SEiz s, X Lep a2 th 18] 20.4 H i
T LT 45 R TRy, P AT IS OGO EATRY AL T BB 57 sl R

5 21-24 AR LA AR T E0E o SR SERETTRG BoR B M R A AR LIRSS . ERTREA
SR, MR RAEF R M2 & R SBAE, HAERE AT RE 2 2 A THr i (R, AR T B3I Y
TG AT LUK AR LR P 1 2 5, 1T ELAR R A R AR A A SRR R

20.3 Code-Walker #1 CPS Conversion

MG T BEA R, AR R TR SR MRE R UG RT , A4 RE RS E K T -
P 20.5 BI5H 4 ZSHUNREIRE FA T AL S A

(= bind (x) (fn y)
(list ’a x))

MANREZ

(list ’a ; wrong
(=bind (x) (fn y) x))

HIEH call/ce M ASAEXFIRGIEIN TP o call/ce T LMHERIrE R 7 PAT = 7 Y 225, R
ERNREEIMEA call/ce FrA TIRERIIRAIER:  (HANIBEMAR 2 TAE. AT & RigH—F, R EEX
R , DA BRLE FA 1R 5E o
Lisp 2 /7 7] LA il — FRFX 4 “continuation-passing style” (Z24E (%35 XUt INFE . &L 58211 cps
R ARy A N AT Y (AH R AT DAs S WS s o0 4t 1 AR SR AR i N R Y AR, FIEX AT
SRAFIH AR AL
(defun rev (x)
(if (null x)
nil
(append (rev (cdr x)) (list (car x)))))

P S5 SEAEA L B

(defun rev2 (x)
(revc x #’identity))

(defun revc (x k)
(if (null x)
(funcall k nil)
(revc (cdr x)
#’ (lambda (w)
(funcall k (append w (list (car x))))))))
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{£ continuation-passing style ', BREAR 2] 7 — P IAITE S (X B2 k), HAEDRGZ AT LT, X4
SEAE D AL, GRS R AL S AT B2 e 4o RS — UGB IHIN  ZE4E 2 identity ; I BRALHY
SR B A B A (H. FE58 UGB IR S 4555401

#’ (lambda (w)
(identity (append w (list (car x)))))

W U EAM A FH LR IE I — PR car Y ATHIE b AR EE

— B A LAEAT cps #5646, SE call/ce SEA MR E T o T A cps FA e 7 B ) 24 i i 3 2240 i
SRR IEFE call/ce LRI LASEELS — M B 22— S R BN — D 2 ORI E — LT 1o

T cps Befth  FRATTEEL code-walker , 'C A —FREEMS i D1 #27 IACAS A U FE o 4 Common Lisp
5 code-walker FFESH. EEIFFEA F, code-walker I FIHEAREN R T Fpkthim i # ik . BURFE
YT AERIEXBIVER . 140, code-walker ANRE R EEMFSHIEH EEH . Hin, 755 2/ brT LIRGEE, &
ARG —A R AR RIS AFR, 32— go FR%E . code-walker MR b 3, 4 HE AR5 AR EE,
FEHEATAE N B HRAE

T 95 code-walker 8 Hi T A5 {935 Fl | Jr AAS 8 AR A 22 U SO S i A e ARG 22
P IR SR TAE R BT T MRAMF RS T H4HET ces BIREIT X L0200 DMMH R i =R
1o 55 4 AN SE PR B AR : AR B34 =bind RIS BRI HAE LA A B ATE *cont* HIH
M =bind RIS 8], FEF7F A R 08 HIME BT RIS 2 il 1 BT o

=bind 7 MU E BUXFELMEFR X R ie Kb A AL ok B 2R . 1S P Y SEE (%38 75 BT 5 | N H) 25 TR
I 2T A 2 H o



190 % 20% 4:3E (continuation)




bR RN T ST R WM ST R RRR P AR TR, HAL AR ROR LUME 2 J5 BT
X T THE — R SRR AR M LIS T RN R SR A TR — A A 2 . FERE AR
SMIRERPRAIX — WS S BT WS AERT— 3 19 2 B RE Al B TS — 22, AT AT LAE 2 BERE A HIL i
A Common Lisp F£/7H.

21.1 HEHZR

ZBREX P RIY 3, W LARTT (R HAT A B ME S IR Y o AR B AL BEaR R i RS T— 4%
8% FAVIRZ BRRREFI A AL 2 A 2540  FR AR Bl AP T sCe i 1R A BR A, 2 A & SO
EAFIATH LAE— D Hr iR 2 LT B2 X R 1 _EFATA T 2R E HH AN 28 38
W R 200 SR BN AL BRATHRIE 1T 85, P SN R N AF L E BN AR 2R
[FIAEAYTERE , 2 BERR A BE S SE AR BRATTRT LMBSH BT LA — s T 2 MR

MAEGE EUE, X HERE WY R T A E R G EWs o (HBERE N Gt R I BEE TR PR T #4F R %
AT HAB S By B Fe A SO o — RERE R R S T

AIREXT T ZHREAIBITE, EATH H R#E N TG NI LR SRR ) (IR SEBR 2t RE T — 1
20 M (R P ERR R S R S5 A 0 — DB M I AR 2 — D AN Z AT T IR 55—
AN TR AT A T RERL R RS B EORES — B0, R BE W IR RGO SNk
FeR 25— MK I A X R BRI R AT | 1 BRI AAS T LAF SR I S S8 BRI AN — 2K
WRESHYFIE  AAARD AR B A A X 28 [ R AL AT R o

X BB SEBLEAE T AR P AR T BB S 0 SN S AT RE A AUHEL Lispe AEA TR, FE
Jr BOZR T REZ Bk B CARRXTTE S B, A B S St — s A RE Sy (7275 Lisp
B — BT LA R e S 0 (el i LU PR EC & RAFROBLES o IX ARt RE S I (% A I U AT LALE Lisp o
IRAGTRCE R TAR.

X H AR S R A AYTE S o AT R AE i A I — LR ERE B Lisp 220X
PRI S . BANTES REAMBOTRIT

%4 AT —3 1 =defun B# =lambda ZZiE Lo

HEAZ B S o TG SRR P B R — > R B RS S L B R A E RIS A PR . BF
MREA— MR, VUG TE G 25 U 258 E

F A X (Wait expressions) FFRFRIE A ez — DA, — DI FRR M — B & iR
PEREIE 2 A S RS AR X — A g e, R A R R B . — H R EE B 1A
17 ARHE AR S SRAR A b U 4 5 2R A S . M FA i AN iZ A RIVER , KR
ERESRA B I e FIATR I A AT AR IE

BB e Ok SE . TEFT A RERR B H I T I RE T, R S isiT e B s 1 it
o

Rk A2 (AR ARAREITINIZE T B2 read-eval-print JH .

191



192 %21 % Z#t4E

A 2 Fo ) B 4R 22 JON G2 B BRAE T AR BE4T o TEAEIEAT P A BERE W] LUE SUFT Y BREL, SEA91
BRI

BAEEFHRAT Lisp B APIRSHON AT RE. REB IR R 2 DIREH LB Z HRMANIZ T A TH]
— B E AR, AT AR 60 1T HUARAD R AT LASEEL 2 ERE o

212 SEM

(defstruct proc pri state wait)
(proclaim ’(special *procs* *procx))
(defvar *halt* (gensym))

(defvar *default-proc*
(make-proc :state #’(lambda (x)
(format t "~¥>> ")
(princ (eval (read)))
(pick-process))))

(defmacro fork (expr pri)
‘(progl ’,expr
(push (make-proc
:state #’(lambda (, (gensym))
, 8Xpr
(pick-process))
:pri ,pri)
*procs*)))

(defmacro program (name args &body body)
‘(=defun ,name ,args
(setq *procs* nil)
,@body
(catch *halt* (loop (pick-process)))))

B 21.1: BERRSEH N SLBIHE

K211 MIE 212 W& T IrA FIR SR 2R ARG 18 211 B8 T RARERE . BIAPERE 216
A HERE S ARG . BERR , B U procs, AU 4544

pri BERRAIILIELL, &M% IER
state /& PEEHE, EHRFIR — MEEIERAVRES o FATATLL funcall — M EEREHY state SKEHT D)

Vrard

e,

wait WEE A ERE R EL LR E T, BRI E  HREEE R AR wait S nil. wait N
25 R R AT DA B A T o

A =2 A it sprocs*, 4 AT RS HUERE S 3 ; *prock, IEAEIS THYUERE ; I8 *default-
prock, BRIAIEFE .
ERNH RO S 35 AR v LU T A 1517, EBHU Lisp 1Y toplevel ¥R fEIXMEIAH, H
A AR SE AL R R R E TR FRE . E IR, BN B A T eval. IXE/DEL
MEEH] eval BTV —o — ORI, A TATERAEIZI TS A ] eval , iX A N5 A :
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1L BORACT teval BEEANEFIGSIF B2 Mt AT 4%, B AR AR h st AT SR A AVE IR 7 2T
FE S G i F R R AT

2. WREAE A, RN FE AT BRSO TR E. 280017 X B RaE IR RES | IAERORE
FIEZHNA] A AL

AU, B eval MUBAENIZALE LRI —FE. CERHRER L, R AG SN LR RIS
JOCRE it o

AT IX AL P 5% B PR A0S 3 A AR DL AR D T e FRATBOE AR B R A A i 0F . ELEIRE
MTRTEHEEA FNE R 2R AT 4, Br DAL S8 MTE . FIAERY, 1A TC 5| F & J 0l 0 3 25 215, (R
1t toplevel i A AL T 25 ARNE IR o 358 L XA PRALA SE SCEL AR SOk 1 B Y SRRk Bk
BUFSRIE M P B

7 fork P eRECH R LI IR . BREUGF I —FEHT =defun E X:
(=defun foo (x)

(format t "Foo was called with ~A.~%" x)
(=values (1+ x)))

I S FRAT A=A sR B R e BB E S E R A fork Y -
(fork (foo 2) 25)

— TR T *procsx* BT HrERE RS 25 , KA BB A AT ,ﬁﬁu proc-wait M il 5
1M proc-state fL 7 | LA 2 HZELHIXS foo HITHH

7% program AT LG — 2R IF — R BATEANT. NIEAE X
(program two-foos (a b)

(fork (foo a) 99)
(fork (foo b) 99))

TR T WIS fork IR, M AR DU DTIE B gE AR A9 ACRS, LR AN W sk 126 BE AR Sk aa 17 19 AU
[B]e TERXPEIRNIMNA, program 2 B T —1 tag, {0 G (throw) EX A tag W1, Bt & 2Lk IX 12
J¥ (program)®s EHIXA tag A AEWAF5 IrAE A S5 H B tag 1158 & Uik program f—4
AR [FUEAAEL, 1 HEATTH B IZAE toplevel #3# H o

BERESEBIE 2 I, BRI R A I LTI T BRI LIS 21,20 PR%T pick-process fEA] LAAKZETRAT
gk s SR m ) — 1 RGBT B . X DR K2 most-urgent-process I LAE. 4N
R MR vait RAECE B vait BRECR B B2 CMAARVHSIT. AT
BERE T B R e R n gk e e AU BERERIE 1 wait BRAL (CANSRAT H3) AR [0 (E IR [P 25 pick-
processo AMEFFRLEZAFAE, FUERA AL U A EEHA T o

B 212 T HAR AR E ST T AEBERR [ DI P2 I B R AR AT o AR R S R IA U wait, iU
K 21.3 WK% pedestrian f HIATARKE. FEIX T iFFE—EHEF|55K *open-doors* TAHRITA
1k SRR TH — 2 R
> (ped)
>> (push ’door2 *open-doorsx*)
Entering DOOR2

>> (halt)
NIL

—/ wait fESEFT_EoR1ES =bind (58 185 1) HHALL, 1 EHAAE —FERY BRI, AL 2 & A 7E & Je Aok
flo ARMIATAEAE vait Z G TR PULZUIFE & AR A o PRI AR FRATTAR B E— A R S5 Ay
LR IREFRERR AR . B A B B AR AT X A 25 gERE v DR B & LLR B A B AR AR AE
21.4 H—*F,

VAT D (eval (read)).
HEHTE : catch BRAERF LTI WL CLHS H1# Special Operator CATCH — 7o
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(defun pick-process ()
(multiple-value-bind (p val) (most-urgent-process)
(setq *proc* p
*procs* (delete p *procs*))
(funcall (proc-state p) val)))

(defun most-urgent-process ()
(let ((procl *default-proc*) (max -1) (vall t))
(dolist (p *procs*)
(let ((pri (proc-pri p)))
(if (> pri max)
(let ((val (or (not (proc-wait p))
(funcall (proc-wait p)))))
(when val
(setq procl p
max pri
vall val))))))
(values procl vall)))

(defun arbitrator (test cont)
(setf (proc-state *proc*) cont
(proc-wait *proc*) test)
(push *proc* *procs*)
(pick-process))

(defmacro wait (parm test &body body)
‘(arbitrator #’(lambda () ,test)
#’ (lambda (,parm) ,@body)))

(defmacro yield (&body body)
‘(arbitrator nil #’(lambda (,(gensym)) ,@body)))

(defun setpri (n) (setf (proc-pri *proc*) n))
(defun halt (&optional val) (throw *halt* val))
(defun kill (&optional obj &rest args)

(if obj

(setq *procs* (apply #’delete obj *procs* args))
(pick-process)))

& 21.2: JEREYE

(defvar *open-doors* nil)
(=defun pedestrian ()
(wait d (car *open-doors*)

(format t "Entering ~A~%" d)))

(program ped ()
(fork (pedestrian) 1))

K 21.3: A PEFI R

IR THHFIRY door , M visitor M host SEHIML AR Sximad A b BOTH B B AR S Uz AL

> (ballet)
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(defvar *bboard* nil)

(defun claim (&rest f) (push f *bboard*))

(defun unclaim (&rest f) (pull f *bboard* :test #’equal))
(defun check (&rest f) (find f *bboard* :test #’equal))

(=defun visitor (door)

(format t "Approach ~A. " door)

(claim ’knock door)

(wait d (check ’open door)
(format t "Enter ~A. " door)
(unclaim ’knock door)

(claim ’inside door)))

(=defun host (door)

(wait k (check ’knock door)
(format t "Open ~A. " door)
(claim ’open door)

(wait g (check ’inside door)
(format t "Close ~A.~%" door)
(unclaim ’open door))))

(program ballet ()
(fork (visitor ’dooril) 1)
(fork (host ’doorl) 1)
(fork (visitor ’door2) 1)
(fork (host ’door2) 1))

& 21.4: FIl FH EEAREATI] 26

Approach DOOR2. Open DOOR2. Enter DOOR2. Close DOOR2.
Approach DOOR1. Open DOOR1. Enter DOOR1. Close DOOR1.
>>

WA IR E R BN FERRBA yield, ERME— H IR 1IEHME SR HE AP 21877,
setpri HEY H'Jlﬁﬁ[:’l/‘]ﬁl}%ﬁ,*/l\lﬁﬁj ETERAT setpri KA EHEELLH BRI AR wait —
B FE yield ZJRTAATHYARBLHER L RBAE & RIS (A o

215 RIRE U T IX P B ERF A A B AR . AR B AR NP H A 5 Y SRR
o mATTAE (B m—Leised, It 25 thd 7. SR, ST 2 )5, capture BERE LSS
P/ N 10 ZJGEA—IRI%EE 1 plunder , /E N B s LB R BRI 15IETT -
> (barbarians)

Liberating ROME.
Nationalizing ROME.
Refinancing ROME.

Rebuilding ROME.
>>

HATERGERZS TP G E R, IR T BIEZ G, capture SFFEA SKE AT, SUIHABATTIT 46 > H 4 g
ST
FRERIEEEE DB arbitratore XM ERERF Y HTHRE, A5 pick-process
FRFPATIHA R (AR S YRTEHRE AR ). ESa TN SE: — DMK — S, [
%A?ﬁﬁﬁ%ﬁﬁiﬁﬁm proc—wait TE LU B FIRAG & © R A AT AR B AT
7% wait Fl yield 18I fA] SR E AT TR AR AR ELAE N~k 2P R N XS pR AL



w8
(’:’E
W

196 %21 %

(=defun capture (city)
(take city)
(setpri 1)
(yield
(fortify city)))

(=defun plunder (city)

(loot city)

(ransom city))
(defun take (c) (format t "Liberating ~A.~%" c))
(defun fortify (c) (format t "Rebuilding ~A.~%" c))
(defun loot (c) (format t "Nationalizing ~A.~%" c))
(defun ransom (c) (format t "Refinancing ~A.~%" c))
(program barbarians ()

(fork (capture  rome) 100)
(fork (plunder 'rome) 98))

P 21.5: BCRPERRILSE AR

(wait d (car *bboard*) (=values d))
T

(arbitrator #’(lambda () (car *bboardx))
#’ (lambda (d) (=values d)))

ARG ENE T & 20.5 1 H A BRI, FE — 1 wait ARSI AT ELSE T AR A Y B 1 A S5, S
) =values #EH, 55 NS L
#’ (lambda (d) (funcall *cont* d))

IR LA — 51 xcontx HIG| T, B SRR R AGE R R SRS S — AR (handle), 187
IR R ELRE [ B S SRR A AR —Z o

halt BAERFEI ARSI ] program I FUPRAE L LD HERRA . BHREZ — I ANIESHL,
ZSHIES B NIX DR R EIR [ KB R IR ZAB BT | Bt AZC I3 Py A e — B9 7 15
WA halte halt JFHEDEF 2RBSIFBRA R R, B IX LR RS HRAE.

FAASEERE AT LA I ki1l SRS . WAREA S X DR AR PE ST R o XA LT ki1l B
G — AR YRR SERERR . R ki1l 58 728 TS OS] LY delete #1E
HIZH EBERIARS T kil RE A A0 U H) , RN BRI VF 2 W B ISk A 5 | FH . 4RT, BE
IR ARG 4x NE B ERE I I 22 95 2 —— I TR A B 5555 . BN RER R AL, BN B IOA 1
RAFAE *procs* Ho

213 AP ARIERFE

W SIERAY IR 2 HE SR E R RIIERE . R4 X — = PR SUA A2 AL YE
XEERE P AL AT H . AEFER & X AL e e R BT A X H B B IFA R RAH
9, EZ W RAE SN L TFBte ARV 2 HAMATIE, i H IR S5 AR PUon s . fEEtig b

SEEETE AT LLA N 2 program BT 1 i — LA IS AT A BEREZL M RE i, (HoA S R XA, 3% B4 program HHiE ik “HERE
@A
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SRS AT LALEA ) e A S B R o (B 2RGSO AR 2B A I IR REABAS B e 1 — 2k —
PRRAE A B e — R AR

PRI JFRTE A AL AR o AR ST A 26— sk R I — 1 i R A th & R L — 1%
Ao T HA IR A e AR AT TR S B A S T o 85 R  EX — B BR B R AT RERL R TC
TR ORISR R o BTCIR N, SRR E M E, RN

L BN EEE THER
2. B e Als

GIRSEETT R IR —H X E AR e AR M. EMUNEZLEM A ¥ T 2R
AORARE. T L, RYEE AT RE R AN ik, AN REGE A i P (B S A2 22 AR A oAt 7 T 1 — 22
FUIRARAT I, LR AR AT R L B33 5 T ) 3

5 22-24 BIROR T HABME HSEE 0] 1o EATRAE R A RE A= s LAY AT o RO Lisp
TP AT % — [FEAL , Lisp G148 TR 2 LN AT A AT i R - (RABUEE Ty (BRI S REAn R R A1) 56, 5%
P ZHGHEN) 2, IR IR o SHER DIUE TX 2. BN TR Pl 3 B e 2
AR 2 MRS o BT AFRATTEE T-SEHE (19 Prolog LML — 101, 13X A~ SE B AT REAR S MU B A X [ 195
EREF AN Ps Y wslPatley g

AT L B R TE ] Lisp W LA SZ AR ARG . H 2R ZEIRE], Lisp BB —MES
GBI EE A T EE B FAMIES . R Lisp A& (R 258 AR o2 RO R 511k 25
THA. 1 Lisp 5 HYPEA R FFRAE S . AERE, HES MR T 258 5. RANKH) Lisp £
Fe T LMBEE AT —RE W/ NEC B TR ROE I, T SR E B Bt AR AT L E R B R

FEHABETE S, — BARK I, R P R s AT, IR R 7 YRR il RERL 2 T LARESZ 1o SRR
R H S5/ NV ERER S, AR IR L DT IR R A B E Y AT RES B, e
MR PP RE TAEAL S L7 IXAER AT LE IR . “ B SR Lisp 1RG22 48 L REIERE 5 ok, fl T fE<>
A, EET X R P IR RS 1.7 S b AR R R ARAT LAS P AR (EARAT O IEA
5570 WIXAIE L, M Lisp AU ATEAE— S MM AR S5 1Y [ - BP AT RS TR AR EF
SRS AR R E LN TR R0 AR, B IR A TR 2

e A S RE 0 8502 W0 T8 5 I 6, VRAEUT B0 SR B2 Th B TIAEH Lisp FOR 6, 1R 55 ) et i
W RFE PP HNB TR SEIs e IRTFB AT 5y — 28 R MR Fr FUAE DB LA SR B 5 A 22 T
o
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JERAE

PP HES LR NBUCHI AT P S M o Lisp & — T MEFHRNES , HIERAE T EA S ghHl
IATAEFRUNIE 2 22 BIABOR T [RI I RE P GO0 A2 2 (D ) 28 2002 A BREE B T Lisp 18R 7 A RE AT TAT B
RTINS 32 R 2 40 H AR P9 T o

RENG SRR B AN B Lisp MRUe s — 2R B SR AN (A1 : B I AR R0 1t Sk e e i e
CRFR LI

REILG NI B0 R T A& FEFENE. B394 T AEBRETE choose H fail ]
— Scheme SEI, X SLINAH T 424E. 28 =5 20T choose Fl fail ] Common Lisp SE3R, iX it A
Y SEIRFE T 28 20 ZEHE S Y continuation-passing 7% £ PUH0 7 7R T WA TE 2 Prolog Y& T, Sk B
fi# cut BAERF o BT —H IR I T — SOOI RRAS B AR E PR EAT AT 21

FEAE E LAY AR E PRI R AT AR 2R 23 T HL BHIRIRS — 1> ATN Jeidds, MAES 24 HH,
IRLCERAERF SR — M AU Prolog SE3M HLIHT o

22.1 oA

e E MERIL RIS T A BT M E AR TULRE T AR 4, BESAIRATBA I HEDIR R A - RE A
04, AT 2GR R LR 2 RN E M SRR AT DU R E M A SR AR o 0 T Al e B8R e, B
AR A B RORE PP, ST AR P (T B/ N — R AE2t R R R P B, AR 2 1k T ARTAH [m]
1 (backtracking) A 2 R SR s .

AREE S RN AR SR B URR i B E M E TE 1 T 3 RIRATA T — D REBEUAR R M RIS AR 4
B IE R AR EA LS BENS AL HR A ()8, BRI X R N Z W BT VB 58 IRZ IR, 5 — A
H ARG B MR T, B E & LB S X R RE IR P B8 ih . BT AR T B RE A XA — Sl g%,
GEREFR—ESWMBERE.

FEATT AT 2 FE A E TR T AT 2 FERRE ). T B, &l — R i 7 R X e
RETTHIHIAL o A TF LG RIX P A5 1 B9 7K 2 {1 Scheme %5 o (Scheme 11 Common Lisp 2 [A]HY X 5]
EAFESR 180 TUREEL T )

AR 8 ML L R B A8 MR BRI 2 e DA — o B IALAE T 1 RE A P MURF IR A R4 choose 1 failo
Choose f&— IR &L, BREHEZ — MARMES IR EIH AP —ICR . BMFIEE choose /2 N MUASFEHY,
FATRAE S N ER R P RrER A RIS

X FATE choose — 1 PA%L choose, BHEZ— M HIER , JFIRIAI—TTR . AEEICEAKUL, WRIX
MICERBOET , I 2X T RS R 2 RO E TS E0a — AT RERI AR LS 20 e fE N FIZIAA T
(let ((x (choose (1 2 3))))

(if (0dd? x)

+x 1
x))

PEROR, BIXN I H I FIEITE] choose 1X I 2FH =/l REN 45
1. R choose IRM 1, AP AXNEHITFRG ST if 1Y then 1BA], SRR P 2.
2. W5 choose iR [H] 2, AR 2 XM iz B PRS2 if 1Y else 1EA], AAHIR ] 2.

199
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3. W5 choose &1 3, AR 24X AN iz #2800 if #Y then 1HA), SRR [H] 40

ApH, — HAIE choose MBI, AT AEAR W IHEX MBI T — PR a2t At 1. 3%
WAEOLT , A A — 2R TR ARSI, BUONAEAR LR DL T, & B 2 3k . 281431
ERU

(let ((x (choose ’(2 3))))
(if (odd? x)
(choose ’(a b))
x))

X AEIEfTE 5 —1 choose WIHHE , ¥ N KA W1 {E:
1. IR choose iR [H] 2, AP AKX M HEITFESLIT it 1Y else 1HA], ZRER A 2,

2. W2k choose JR[H] 3, B A X Mo ISR 2 &0d if Y then THA). JEFIXHE BB 7 1%
S, T PR AL RE , — 2R a, 75— R E b

FBNEESH AR, S - MESEWA . XA E RS = RER 240 .
X B EOER A IR choose A JLAEI AT %L $% | AR A AR I 2 2290 8 — 4 AT RERY 25 7] (7T RE
Yo Choose 23R RIHE—IWE » FoATTA] LA FTIABKERZ choose B LAE 5=

L AR NPT REVE P APAE AT R L, AR RS DL T B VA fail, I8 2. choose 4 A iR Al — Mg $%
2. WAREAEFA IR AT, B 20X choose BESFM T fail

TN AR AR
(let ((x (choose (1 2))))
(if (odd? x)
(fail)
x))

TE_L T )7 B, A2 AT RERA eI A HAf e i ok o BESRIESEE 1 BB MR FR A T fail, B4
HA 2 REMEsE . FrLA SR iX A FIAAE e i : B a2k E 2.
AT B TR ERIB A B EE T
(let ((x (choose (1 2))))
(if (odd? x)
(let ((y (choose ’(a b))))
(if (eq? y ’a)
(fail)
y))
x))

%> choose B AP HREAPKK S 1 X MR, 5 2 X RATAH — 1o X TR, X R
FER, UGS a 116, 2 SEOR M fail. K, X PMFRIAFEARE, B 2408 1] b, 2 AR [H] 2.

&g — M7, FEERIES A — T RERE
(let ((x (choose ’(1 2))))

(if (odd? x)
(choose ’())

x))
KA W SRR 1) 2 1, AR 23 P RS ERI— N A RREINH chooseo IXMI T R HLEL AN A~ LA 75
— M.

A BT B LA B, A TEA ARG AR 2 IRERE 4, RERN B insz 2] T
RSN S 6. FEARRE MRS, NG AR Wi — LR, IO BA T TR M
LPE A FEO fail W » THEIAE] T2 AR I ARF ST B RESHE R IR R AR
HNZAFHIW Igor:
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Function Ig(n)
if name(n) = ‘Igor’
then return n
else if parents(n)
then return Ig(choose(parents(n)))
else fail

fail FAVEFERE XS choose HYIR [FHET AN Mo A0SR FRATRER]—A> fail, 52 0T LAHERT choose 1EILZ
BT BT 8RR . 34 BR0E X choose HUAE IR A& IERY o FT LA, 0 SR 3T A SR W0 A% T S A 7k e R
SR — KR E MG IS 2RI B A A — A fail BUEIX 558602 A M7 ARFER 35, AT
ALBRANEGE. Frlh, TR ES A A 1G & | R Ig iRE A ig 12 BB — 20 BAEHRIEEE,
BE UG SRR SRR BB UG BERIX S 23R e X 45 B 1A 7] Igoro

XA RIS, — DM RFRESIX AR R B ik choose M—AHit i T 2%, BT Z A1, it
i/ choose HYIR BMEAE A FIMT R, UEE fail HHEL, 5t — S0 o ) FX S AILEIMENHE HFE 7 A 22 choose 1E
M2 AIVEH RIESE . Hd , —HZARTIFE | choose HIR MME AL R AT EE R S5 . TEIX DAL | choose 14H1L
H T E RIS B RE

SERR _E choose FFIR AT 28 H AR JT o choose WA — > SL ATV A BEAR It 7 2 PR 5 A IR it
A7 [0 SRS MERA TC IR BRI, X I Bk AR — 3 R R B A B tH B — o (HR B AT LIS
iR AT IR Z . —BAREREME I choose F fail , R 7T LAS 4 LG FARE R BE T, B il
XA LR LA RN MR — M SE— . 5B choose, R E — > ik [y (] A3 (] B SR i REAE 2R X
AR ZS[A] T o

222 #E

A VF 2 LAY [T ] LAYRIZ5 D35 3R R, 61X SIS [, ARl S P Ak B — AT A R i
%075 {BX nodes BABER— A LAY (IALREIFIEL T (kids n) &P RER[EITY 5L n BY7795 S HY PR
AR o BT 0930 R [E] #f o AT S — P eREL R (descent ny no) , iR EIRIEAT & ny
BIHA NN A ng (WRA B935) Fr &0 RS B8 A2 LT A1 R R 91056 o 1 221 APt 2 i A~ e ) —
I EE A .

(define (descent nl n2)
(if (eq? nl n2)
(list n2)
(let ((p (try-paths (kids n1) n2)))
(if p (cons nl p) #£))))

(define (try-paths ns n2)
(if (null? ns)
#f
(or (descent (car ns) n2)
(try-paths (cdr ns) n2))))

& 22.1: B E MRS 2=

ARBIETELLRR Y AN R D B TR TT . 0245 F choose, LEEHE] 5 M n, 15 M n
BIPATH H AR RAFAE— el it HARBIE LA, BATAT LA HH B (] BN descent iRAS, ANE] 22.2 T
zie

] 22.2 HHY RROAS FE AT I 2 25 1 R Il O AR BT A A T R REX A H TP B

5,2
Rl choose CAHKE] 17— HAWIERHER no WERIRNTIBT B2 E M RORR T, Al RERUARME A IR 313X
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— 5 B choose Z TCAE A RESE I TAERY , st IF5 & R B R 2 IEE WA n GELL B O 45518 MM BT
— MR XU IEHATC IR (fail) HbEFRIZE .

(define (descent nl n2)
(cond ((eq? nl n2) (list n2))
((null? (kids n1)) (fail))
(else (cons n1 (descent (choose (kids ni1)) n2)))))

& 22.2: AERfEME R 2

XT choose W RE 77, KM B A7 150 AR 7 1) S 49 B2 - RSl 5 iR 5008 P 0 42, 2 1 990 A 0 RE 22 0
’ 22.3 B XL, BATRESS DT LB B 2 A TR & 45 LT . 758 — DR two-
numbers BT, JEHE M B IERE 80 THE S IE N — PP FRIR H . 43R A8 H parlor-trick
B B2t P8 two-numbers RIS EX W MU . 1HIEE, 7F two-numbers E M T H N2 B AR
RFRTCHEFE A P 28 BRI SR k2 £ /b,

(define (two-numbers)
(list (choose (0 1 2 3 4 5))
(choose (0 1 2 3 4 5))))

(define (parlor-trick sum)
(let ((nums (two-numbers)))
(if (= (apply + nums) sum)
‘(the sum of ,@nums)

(fail))))

P 22.3: 757 R R AYIERE AR EPE R R

& choose T M M EUF IR AT P A RVECT IR A S R & IR ICE 2. T3
IR LME 6t choose , {5 R BAFAE IR A2 I8 7] SR WL HY 175 , choose MEFEHTBRIZ LRI 2 A R MAFAE. AL
FNTA REMUE — B M5 248 tH BB PAE B ISR X E] N, choose it H & 2 AF HY IERIRYRE I, Sebr BB RE
PEX A

> (parlor-trick 7)
(THE SUM OF 2 5)

TER] HL 48 22 (R TH , Common Lisp N B 1Y find-if BREL—FERESE TS, A0 A dEH E MR 2
A 2CREANEE 2 AT AATERFIE B 51 36 B — D — R ok 48 SR IS0 B B BRI i T 2R e 2
choose TG 40 AR R AR AN X BIAE T : choose X T 4k ¥ 2| JKAEE B L& A L. dEHE
PE choose F] LAFIIEA KA BT HE o WERBARAEIE — R K 4B choose MU TTRGEZE HIFA , FRATTAT
LA choose H O RITE AT B /B HHIXFEAE o (EANFRAIAE parlor-trick — @I fr W21 E 2 AEFKAT]
M choose &4 B PRELHIR IR 2 I fail BRAERFBSRRE IR H LAE.

ZEAFIR A IXFR AL B & A=A Prolog BEAT R4S Z b AEW 8 Pk 2 It LATE Prolog ML REK 2 A1 Y Ji
WIAET X T HE S W — M ORHE & B RERE I IR I BT A &I 25 R i — 1 A SRR E MR T,
MR — R B BT A 1A 3825 S, Prolog A RE 1AL HEIE IH A RLIN AN 25 4, R Bt 215 H— DR/ AT
FRMERES .

E | descent HIH — V., AT RERLANE B H I HE 7P S A28 — ROV ZE R 25 - 8 31 IS 2 18 B B 58 il 1Y)
TAERIWE? WAR HIHHE —#F, TAERAEA TG H 58 i A2 B SEI To 28 223 /v —
> choose SR, 124 A IHAEIX A SEBL R v A B A RS 7 9110 2 S5 B (5 FH RO R T

Yl T Scheme & A 15 ESECRIE R (IEAH ), Common Lisp ZESRSRAE T M 7e 22 47) , X L AT fE 43R [B] (THE SUM
OF 5 2)o
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LB B T ARRE MV — RIS T BEIMERTE . BT ISR IE S R TBOAMUUZ LR
AT TR ], E AR AL R H SILEE B, R B AR E MR A 1, A L B A
AUELMES: TR e M. — T I RVFERE I E 5 B TE 7 R ENE R AR ST

223 Scheme SEI}

X =T S ARRELEAE (continuation) A& AN AN LR EMER o 18] 22.4 & choose FHl fail HY] Scheme 5L
o TERZZ T, choose M fail fFH) [ RIMRAIIAERA G o SR, — 50 FH [0 ) A48 2= 2 b A E O B
SEREHIME B, A REAE ST T B R US| AR P AR IR T 22 o I 2845 gt DASERE Y AR AF A
4 Ry AR *paths* HiH.

(define *paths* ())
(define failsym ’@)

(define (choose choices)
(if (null? choices)
(fail)
(call-with-current-continuation
(lambda (cc)
(set! xpathsx*
(cons (lambda ()
(cc (choose (cdr choices))))
*paths*))
(car choices)))))

(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda QO
(if (null? *pathsx*)
(cc failsym)
(let ((p1l (car #*paths*)))
(set! xpaths* (cdr *paths*))
(1))

&l 22.4: choose 1 fail /] Scheme L3

B 25 PR AL choose 42— M choices M43, B — RFNETAY K. AR choice &ZS I, AP
7, choose Bt MM fail, o &t E I FEFT M Z BT H) chooseo IR choices /& (first . rest) HIIE
i, IF4 choose 2 EHSGHUE T rest B HIZLIE RN *paths*, SAJG BR[| firsto

L2 T, K%L fail SR —28. B EEM *paths* #H— NS REHAE. WRZBIRFH
FEARERETSE T, fail BB IEAFS @0 ANid, BN 2 fa] fa] S 45 5 108 1Y) R 50 R [RHEIRER AR [0 X 775
WA EAE N EILH X choose HYIR [FIM{EKIR Al FRATTE I AR ELM ) 240 @ B4R 191 2] toplevel o
XA H B IXFER Bl 3 ce P8 2)E L fail BT AYAR N SEAE T E S fail AT AT LAREIA A
A& toplevelo 1T cc, fail Al PAE R I ZAFE .

K 22.4 HYSEIRAE «paths* 4 Rtk o AEIX S SEI0 BLTAT , 45 214 2 O I st < B T A s T B ke3¢
JLEFT IR IR IS BEFR N 42 B 18] =1 5 (chrnonological backtracking) , .45 HL sl /2 A5 [A] 2% [R] v B VR
ost e “AEREM XM S i G e SRSB4 1. Floyd X TIEHEHEH
PR AR R 2 H B 1e SO AR B AR TR “HERfE R B SR X R T HIRATE BIAT — LB SRR E P AT
75 (parser) 1 Prolog HLIT, A I Sk B SEIER & BRI Ae 4 & o AR B 8 1] 22.4 FFIEME
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— WS, EEFA B IER RS BRIEFEOR UL, choose M 1% REML IR AT TH S Y FE bRk 1 X1 42 o
R R — A [ LA RIS B (X LB AR choose Al fail AR MEITCEA L T -

FESEBR R A FERA E M R TN 22.4 &R0 B BOTR LA S8 SC B, [ e 02k S A48 21 23 )
TR - ()R B 25 P 2o e NI WP I — SRRV 4RI 12 FEAR B (19 B S — 1 0 S AR A iy 5
MEIER choose F fail

22.4 Common Lisp SEI

X — 7[5 iR 1] | Common Lisp R SEI choose Tl fail —FhZRIMHE Ko IEMFRATAE LT TG R,
call/cc fH{5/E Scheme HIHIBERR 1M 25 28 Mo S B AR E PEALA o BT, FRA DA T RR A AR E LT —4
IS, S 25 HARME T o #F Common Lisp H, FATAT AR AESS 20 T H45 H 1Y continuation-
passing ZIR LI E . (HBIIXLE 7 FRATIBEZS H AU _E—5H [ Scheme WMUARRSMER —2E 1 choose,
(R EA L BRI RCR A —FEY

(defparameter *paths* nil)
(defconstant failsym ’Q)

(defmacro choose (&rest choices)
(if choices
‘ (progn
,@(mapcar #’(lambda (c)
‘(push #’(lambda () ,c) *paths*))
(reverse (cdr choices)))
, (car choices))
) (fail)))

(defmacro choose-bind (var choices &body body)
“(cb #’(lambda (,var) ,@body) ,choices))

(defun cb (fn choices)
(if choices

(progn

(if (cdr choices)
(push #’(lambda () (cb fn (cdr choices)))
*xpaths*))

(funcall fn (car choices)))

(fail)))

(defun fail ()
(if *pathsx*
(funcall (pop *paths*))
failsym))

& 22.5: JERAE HEIRAERFHY Common Lisp SL3

] 22.5 H2— fail 1] Common Lisp SEB, LA IRAR ] chooses HHI—1> choose [] Common Lisp
WUARFIE ] Scheme MUASA LERU/INF X Ao Scheme [ choose 52— 244, B - — ML T 51 36 | LAg %
BEVESNIR B 1M Common Lisp MAKH T progn K. BFH A LRIEEZ 1#KIEZ, choose 23 M
B et — TR A
> (defun do2 (x)

(choose (+ x 2) (* x 2) (expt x 2)))

D02
> (do2 3)
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5
> (fail)
6

1E toplevel, KA TAT LAE M S5 A 15 G 28— 48 Ciaf TR E I R AU RE S . A2 hE *paths* HH]
RRAFIEBATEL RS M EERREIE A2 LI choose XA AR, 55— Al eI &
BORME, THE LN 2 MR AF A *paths* Bo WIRFBEFARXZIFEE] T fail , ARG — T HIRAF
T2 *paths* SR SRR BOFOT MG . BURB0A H 2 RS2 fHE A T TS, fail 20R[A—
AFEIRAE

(fail)

>
9
> (fail)
@

FEFE 22.5 H RSN KA H it failsym, BOE UL T RS @0 WEPRVRA B o VEo8— Il AR
[EI{E, A8 2 AT LA failsym B8 gensyme

55— A AR AR R ERF choose-bind WISEBLM T — MRRUR —HERIIE L. ez — 14
B MR AR B — MUK choose-bind &6 MFIETNATIFIZFRITIT choose , IXJETEHEE
HIESPERIFT 5 b, e JE A AR AR (-
> (choose-bind x ’(marrakesh strasbourg vegas)

(format nil "Let’s go to ~A." x))
"Let’s go to MARRAKESH."

> (fail)
"Let’s go to STRASBOURG."

Common Lisp H9 58 B H H& (L W e B 45 VR 45 79 R U2 1707 (8. R AT LA choose-bind i #
F choose —FERYAILG , H T

(choose (foo) (bar))

BHIE AR

(choose-bind x ’(1 2)
(case x

(1 (foo0))
(2 (bar))))

BATLAT o AHZMRAEX MEN T RATA — S BBV ERT 0935 , B P B Al st i s T L, 2
Common Lisp e AR i i AR 2R i HE R A7 7 JLU DG RSP E . choose Hll choose-
bind VERNZ AR EATTERIFRIA X B TRE IR R TR XMW D2 «paths* K2 — A6, 7R
XA AL RAT T B 2 BRI, 3B A 985 20 AR AR e T A 908 « 28K 100, 76 T ERiA 3
(let ((x 2))
(choose

(+x 1)
(+ x 100)))

24 A I Z B RAF BRI A6 T S 2 2 xo IXHUE AT AL choose B EHIZEEL AL —
> lambda FIE AT L AZIERIF IS S5 R T

(let ((x 2))
(progn
(push #’ (lambda () (+ x 100))
*paths*)
(+ x 1))

AR R B , X SN AT RURSR AL O MRAFRE, DY (£2i1) M (choose) /25T
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TRAFAE *path* BRI G2 — D G180 x FRFTRIAIGL. X2l T 22 0 AP TICE T W e 224K T
PAIMIX— 55 H Scheme Fl Common Lisp P& FER AR AETE L _ERIASE 2 4k o

547 FATHE choose F fail FHES 20 FHY continuation-passing 7= — i H , I8 4 8 ] FRATT B 22 4k A8
it xcontx I — MRS —FERART TRk IR =defun K JE LEREL, [FIHS F =bind KA EAT, M H.
H =values JRIAKBUREL 1R [EHE, AT LT E—1 Common Lisp TR BLAH FH X & AR e AL
T

(=defun two-numbers ()
(choose-bind n1 (0 1 2 3 4
(choose-bind n2 (0 1 2 3
(=values ni n2))))
(=defun parlor-trick (sum)
(=bind (n1 n2) (two-numbers)
(if (= (+ n1 n2) sum)
‘(the sum of ,n1 ,n2)
(fail))))

5)
4 5)

22.6: Common Lisp M) “fE7 R &R A

FEIXLE LA B N FRATAT A2 TC [A) T 3 AT RS AR 8 1 18 138 e A AE 7 R ECR IR 81 7 7
¥ 22.6 H &7~ T Common Lisp IiiK [ parlor-trick, {42 B E7E Scheme . —Hf  BIsfT1EH :

> (parlor-trick 7)
(THE SUM OF 2 5)

XA R B LARB IR AR 2 R RiA =
(=values nl1 n2)

TEPI choose-bind W EFF AL T

(funcall *cont* nl n2)

M4~ choose-bind MHBBLEIT L T — L, f5 AR (7 A 4R 17 body 5 I YA R AR EE X
SEAF LA *cont ko

{Ef# ] choosechoose-bind I fail JF & H AR IR A& 20.5 H T EoR RO FR 2 —+ERY, J5
A I FH A B2 continuation-passing 75 c RELR AR RIEA, Cl— & &fm— MHEeRIER . BT
PIARAR I AL Common Lisp B R RIS A3 , X LE1EE il AT AR AR 2 CHE B
> (choose-bind first-name ’(henry william)

(choose-bind last-name °’(james higgins)

(=values (list first-name last-name))))

(HENRY JAMES)
> (fail)
(HENRY HIGGINS)

> (fail)
(WILLIAM JAMES)

FIPIT— 4 X R 25 Rl 2 IR ST &R .
TS 20 T8 LB BAERF RELE R IB X EA BEREMRF. X MF HFEZMEE8E T, —
A =values FIETMNIHILLE choose %ﬁﬁ%ﬁ,ﬁﬁﬂé?ﬁﬁﬁ‘@o Homt 1
(choose (=values 1) (=values 2))
AT LAY {H 2

(=values (choose 1 2)) ; wrong
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HATT. (FEJETHEIT-H, choose MBI R TCIEAE =values HYETFUEIHER *cont* B4 SR )

SRR BN S5 OX A A LU 20.5 B BIIRLERR ], Common Lisp HAER & 12 ATL 170
2 FEAE Scheme 1 —FF, 1EH TAE. 51& 22.2 HHJ Scheme hit 1 ARRE M1 22 ELEAR XS I (€] 22.7
7R B /&€ ) Common Lisp il . Common Lisp I ] descent #& M B[ Scheme it A& B iFIL KA, R
CRAFE P RN IR AR

> (=defun descent (nl n2)
(cond ((eq nl n2) (=values (list n2)))
((kids nl1) (choose-bind n (kids nl)
(=bind (p) (descent n n2)
(=values (cons nl p)))))
(t (fail))))

DESCENT
> (defun kids (n)
(case n

(a 7(b c))
(b ’(d e))
(c 7@ £))
£ ()

KIDS

> (descent ’a ’g)

(ACF @)

> (fail)

Q

> (descent ’a ’d)

(A B D)

> (fail)

(A CD

> (fail)

Q

> (descent ’a ’h)

Q

/¢ 22.7: 7 Common Lisp TR E M &

WAEA T Common Lisp i HY 5L H TH s REMARS EIE I R, A 2 A Ll 1. BIRT7
DR NE TR, B UM A S SR ITCKAE R — FIELRR AR 2 U T A E W, X
M EHGE TR o AEBUA I 22 BE Al BRI 5 — 28 AT RERS H — ARV IE S H— 1> ATN 4ii¥
ar (56 23 ), BURAEM D4R BRI S Prolog (5 24 %)

{#FH T choose I Common Lisp TR P A 2 12 O g A Z0 T B 3 IR T AE SN SN T AR R
ST RSO TR R R MR . BRI SR PR AOR IR A1 (Y (H R B EIERY
R PTEE SRR T iRJG ) fail AR AR ERAF TR IATL, B 5 RS ) A BoR BOR

225 IE%

AT 2 IR AT AE AT IR E VE AT A Scheme 2 7 B I IHEL (cut)e BIR cut — IR H
T Prolog, HE&XTEIE ML, © T AR SA R EER . R0 AR IMEARRE M p R 7
AR AR
UARAIE Prolog ZE kK, W] LABE 2% By MUBRAR ISR o AEFRATGBAR— MBS AT P I 1o (BURAE
AR BT ROE T RIS B o I —/INER A AR A W T B T LA SR 4 1 58 2
Mo N THIGR A K BT A B 22 [ BT A 2 At Y ok A — T
SPEETE JF3CN “Chocoblob”, f&— M5 3 8% (HA T S, 38 BAF E AT B ECs “fE4: 5.
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TEHIT IR ) KB TR MAN T ARE S B IMERE T 2o XA IS A LS 1
L B R I FIRIA , BITCAS , A U AR R 2l R M A R e A RN & 7. BIMTHa 2R
CUE S ANE NSRS AN D& T HEMRMMIAAES I — MR, Koy R 20T
BRI L BUA T T A&7 A X M e s A & 7 7, oy Ml 2 A — 1
R ETo BIIXAEIE, AT LM R R

AL TR AR HERRE R A — 070 e XA R AR, 1 SR 2 SESLAEAEAFAE Y AR TY R A 7]
AT AT R RO G P A AR R I, TR 2874 ) B T O A Dk iy ST A T AT
JE A AR TR A e e R R R AR I W R R AT A S Al T
B L BT B AR A A 75

IR ESE R B AT P22 R SR RITE AR —F 0 AT R ELBOAOME 1, VRt AT LA T— TRk,
B2 S BRI BRI BT LA U5 VE BRI AEAEARERY B B BT TR R LIEERD, Bl
PR BN B XA BRI T T AROME A S U ARTE R IEE Prolog B9 cut AT ARY, RN
RAFRC R . A AR PR IC BRI R ATE , B A B L 2 B T

(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(newline)
(let* ((store (choose ’(1 2)))
(box (choose ’ (1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(display ’c))
(fail)))))

(define (coin? x)
(member x >((la 1 2) (ny 1 1) (bos 2 2))))

& 22.8: 55 R BIAEAMHE R

&l 22.8 HHYFE 7 FAEBE MR T R T — DU/ N R AR B . Y — D AT R T
2R (city store box) WA . MR &+ B HAM I, AL ESFTH—1 c:
> (find-boxes)
(LA 1 1)(A 1 2)C(LA 2 1)(LA 2 2)
(NY 1 1)C(NY 1 2)(NY 2 1) (NY 2 2)

(BOS 1 1)(BOS 1 2)(BOS 2 1)(BOS 2 2)C
@

BLSTIRAE A R T AR A A R s BRI AT P T AR EAF - mark 7 cuto 18] 229 BR T
—FE SCEATRITT B e BRI G 1 AR B FORE 8 Y S BIRAT 450 R, FRATTAT LA 3ot A — > SE IR ok
U AR W B BT R E A — M B AR E S AR # choose BYSEENANTT . 1 22.9 HF7n ) mark il cut
EHTIREN A R A choose LI (K] 22.4)-

B mark , 5 B B RAEFRICAEE] *paths* B DA R AAFIE A 1 Ak B IEEE A
WH cut 2xit *paths* —EIER, ELEFR BT EARIARIC. (H2 ATV IZIEH 2B APRicle? 347
AR, e, yFg A Ta] DURARF S m, (X AERE, AT TFEES fail, iEEAEREE] m A2
B 275 KA E—F S, 200 H —FPRiCibTRATEEH fail, Bl AL fail AT . XFERYIE,
WMRAE—MRE EAAET fail, it BEHABECHATAT .

B 22.10 H R T AR {8 IX SRR R 6 AR W 1 - TP AR SR IR TR A . (RS SO AR i AR
BT F 45 ) B 20063 — DT RO e, FRATHE T mark o FEARRY , xpathsx BA—PEHE Bk
PP TR A T O 2R
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(define (mark) (set! *paths* (cons fail *paths*)))

(define (cut)
(cond ((null? *pathsx*))
((eq? (car *paths*) fail)
(set! xpaths* (cdr *pathsx)))
(else
(set! xpaths* (cdr *paths*))
(cut))))

P 22.9: RHE R FEATHRIC AT AL

(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(mark)
(newline)
(let* ((store (choose ’(1 2)))
(box (choose (1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(begin (cut) (display ’c)))
(fail)))))
Figure 22.10:

& 22.10: B AL A B &=

IRFAHE AT E T A cut, B2ik *xpath R 2 Z BIMFRICATVIRES . AT Y
ROREE N XA fail BRMEAGER HK . (H22] THEIE, 1E display ZJ5, T fail KR
AR E AT R INZ N choose ARH, MESAETL ZM HH BE T 2 HY 3 738 A — e A R B e A, 20X
Fro GERAUE :— H3E| TAREM RS 7, BT AT — IR 4R SE AT R i E

> (find-boxes)
(LA 1 1)(LA 1 2)C

(NY 1 1)C
(BOS 1 1)(BOS 1 2)(B0OS 2 1)(BOS 2 2)C
@

FEAGIH, TV T E& A+ 4

226 EBEIEFMIFHRENE

T P ) P 2R AR PP 2R B T TR I, ASRAE TR AR A2 ETC i i S o 18] 22,11 IR 2 — M
A AT . BEEFPAE 2 NI a 1A A e MBS RIS A T RERE A | (2, b, o) MIRAYERR
B BRAEXA T E AR R TRENLENE ) OB R B WU IR RS 42, 75 & To ik i 5 A8
TEERE . NIE] 22.12 7R, 42 path WSEEL, HAp @A 7 FEOUSG I 2R, 00 T BRES

MRS B, AEA EVE 3% AT LALE AT 25 BRSO Y (R 22.3 25 H Y choose M1 fail /Y
TR BEAI 58 SE B AE TC VA MR DR B [ A) 5L A0y e AT] 224 ) SR B e — BB 3% IR 2 W i o B SR AR 1 8 1k
f] choose REME AT AT TH S RIFE AR ARIESF AT R, it LUX K B9 517 BB PR R IZANETE o A1SRAEM B IE
WA choose BT , TATTELREMR &1 22.13 IR, 5 H BE {750 . BEIEMTEY pathe

KA SLE D IREG L4 choose F fail HSEH. ] 22.14 HEIERJAERAENE choose F1 fail ] Scheme
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22.11: WA A W

(define (path nodel node2)
(bf-path node2 (list (list nodel))))

(define (bf-path dest queue)
(if (null? queue)
’Q
(let* ((path (car queue))
(node (car path)))
(if (eq? node dest)
(cdr (reverse path))
(bf-path dest
(append (cdr queue)
(map (lambda (n)
(cons n path))
(neighbors node))))))))

& 22.12: HEME R

(define (path nodel node2)
(cond ((null? (neighbors nodel)) (fail))
((memq node2 (neighbors nodel)) (list node2))
(else (let ((n (true-choose (neighbors nodel))))
(cons n (path n node2))))))

& 22.13: e ETEIE R

LI T IR RE L 3 A RS B ARRE T BIAREAL BRI R, (5 ] 13X AR choose 1 fail

MR Pt — R RER BN G5, NI — rOE & 32 B REAF 1T R o

& 22.14 H3E LY true-choose 1% H K AR A7 1% 12 11 51 32 24 5l — A A F1 R #4E - LHS,@FH true-
choose MR P AR A THI I A2 LSRR o fF 4 2IRIE S S B s, 53— Mk AEx
N B EESE AR SR R A B8 121 £ J5 Tl (Scheme 1Y map HJAR [EI{E A1 Common Lisp ) mapcar

AR IEHE R —HER . ) PG , A2 AT, IR fail.

IR T I AK] choose, ] 22.13 HLE LHJ path SUREKE|— 5§12 T, HL b BH BB R 50 I

2, A 22.11 7R HIM a B e BOBRSRER .

IR T N SR  ARTELS T T IERRRUAR Y choose T fail , H S I MUASERAE HT T o FRATASEE

AU H LAY BRI, SR Al gn e 16 5 P iR S A (E . A2 — 28

=

SRR AT, S

6 AP FATREM TR — 1B, HSCRERR BNk — MR RE LR 32767 HLAL A BRI RELIR YR
JE AR A RN ER A 28 T, 2O HAT G RARIER . TWEFRRFAYRREE T R

EEAT T BT AR AEE choose T fail H35 H]
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(define *paths* ())
(define failsym ’@)

(define (true-choose choices)
(call-with-current-continuation
(lambda (cc)
(set! #*paths* (append *paths*
(map (lambda (choice)
(lambda () (cc choice)))
choices)))

(fail))))
(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda ()
(if (null? *pathsx*)
(cc failsym)
(let ((p1l (car *paths*)))
(set! xpaths* (cdr *paths*))
(PN

& 22.14: choose ] Scheme RUIEHHSEER
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£ ATN St alF

BC B AR B, AR AE A B8 (parser) ST R ASKIIB . H0f, 30—
GPH SRR A ATN SMT3, DU (TRA R UURY . 55 B4 40— ATN %8, X
ARG 2 O AR — S SRR . BUR I JLAY I T R — /NI ATN F%, 2
AR E LSRR AT — B AT

231 HEHH

I AL 2% (ATN) , 42 Bill Woods 7 1970 FH2H B —Fh A ds. AR )5, ATN £ HIATH 5 53 Hréi
SR VE R T8 8 A . FOE N RS R A B SEIE ] TR ATN
HEE e HTRXAIREE, AMTEFEEXR IR ATN 25 S 2 Hik.

£ 1970 A, —H AR E I ATN A 81— H A T RES U B IE B A & REFE P —# . R
B A H B FPA X — VS A N ZEZ0 4, AR ATN MO R AT KA . 8 BARBEA VR BiEA) T8
DAEAT A C AT SRRE T AL T WL 25 ) 1

R RIS F N BREIA A, ATN BEREA A -

1. AUER T35 SO A BRI A 450K, He i A DA R 1 A 5 P2 i o
2. ARELEILTIRAMERTH A o HEUnid A EA N ENTREG N HEREE AR W DA TRIE R A 7o

3. ENMOUUE T 38, B HoAt 5] (O P P g HIBA S RIE S o Huinii, ATN iR al RETC AL
R AT AFAT IR T A TG =, 0 T 38

4. ABEYNENEAREIER TAF. AR— R R B, A ESREAE 90% I IL T IEH TAERL 6
T8 ATN 2T LT e BOREARE Z 22 Y 2248 I8 2 A BOZ 5 JEHTE -

S A FRIR S, ATN B REEIR 2 HUTIR BT foe SR (0 7 1 S8 00 SO P F AT B 2R
VREGIEFH R P R AL — T ATN SRS A8 0, 7 St I I sl F R e e g 2 ok, L
MM Z RSB A AT LA T

232 Xk

B ATN B9 CAENLE], FRATE B RZ — N E W2 % 7 % M4 (Augmented Transition
Network)o PFTIELFE M4 &4g B A 1R SIGE R R 19 —40705 550, MRA _ErT DB E BE—FhimfzR . He
T R B AR AR T A T AT S IR E LT b . AR A A M A, A X M Y
SRR I EHEE RS REL X SRS 2B e B8, A E— 75, FEA — 81 24 a Ha i

YEETE JEPTIE S (inflected language) , A2 15 5 27 H MY | 5 181 49 B3] ) AR A 1 i i A AR B S5 A AT R A8k o DUB R Se1 5 F 2
A S B TR [ I Sh A 2 B0 54, TR 318 5 DU =8 AR 17 B HT 254K (inflection) R FEHLA) T H I9IETLOC R, Holnisidr T 15!
EiE. BAAVOEANEEITIES (BT BHISEREE AW ETTAL . TR ATH I AFRACIR I M BA4L R he A
TN him, JBIS AT hiso B ATHYTRARAE ], (HJ2 38 R A 2L S 80T i R B A A8 4h | AH 2 e A 7 A 5 B e e L U R R

213



214 % 233% &0 ATIN 9474 F

HIEFT o IRIRIHEF PRS2 (15T R R (8 LA W28 047 ) 7 B R, it B B IR 1Y
TERITEAZNETY A B AR R ISR XA RE A BT OB 2 P E R B A2 o
ATN FERX MR AEEAE_E 55 I T P ReE

1. ATN W H A F . A fFame A 4 TR slot, B F LI RIREM T BB 5 A MG R . BB
B T REREAT 2RI 2 O IR B E AU MCET A H BTN 2

2. ATN MYEEH AT LU AR o FeAEHI0RT LI HEEER AR B I 46, o A R B e A 1
[TER

TS5 U (6 27 A b RS BE BRI ARG M IR 018 IX T 81 25 2R 1 7 5 URH B AR [m]
ERTAAER B Lbr b B T ERARARENEZ 0, ATN B980T AR R BN AR I8 S 1R AE L.

P 23.1 H3E LY ATN JL-F2 & L ATN 1o EREZTIZIN “Spot runs” (“FEAL) ™ & fiik o) 1947
1l - SR X ATN B ZE R AN E 23.2 7R

(defnode s
(cat noun s2
(setr subj *)))

(defnode s2
(cat verb s3
(setr v *)))

(defnode s3
(up ’(sentence
(subject ,(getr subj))
(verb ,(getr v)))))

K 23.1: —/MEA ATN

& 23.2: 5% ATN &R~

24 ATN AT 51 (spot runs) I, &AM TAERIWE? 25— 5 A —45 K (outgoing arc) , 5
TSN (cat) , IX SR AT 520 XL FRFIN W AR Y Hy B ga) & D A4 R B3 ARl vl LAIE ik
I WRAR BT AT R DA L J 3R] (D *) SRAEAE subj FFfFar e BRI, BT IX DT 5, subj
TN HRAS L T spote

SR R Y BT AR . ETFIRAIIHEE , B8 A TR — 5. EZTT cat JRATHER  FE T
SRR — A R, FEFRATRNE s2 1 AUH IR 477 S SRS = 59a], B runso 55 4590
M — &1, RREIZAE T EERE N . BRI T runs, L ERGAET G v B, AR
BEER] T 830

TERJE— A 83 b, A= pop Il (BFRNZEIN) . (B pop INHY 1T MBI ANEI L2 fEL). T
PATESFAEH A AP F 332 58 A I8 T pop IR, BT LAFRATTHEATHIA) -0 A R DT - Pop SIGE [H HY & —
MBI HERIB:

(sentence (subject spot)
(verb runs))

—/> ATN 2 5 Er#airiE S MRS A . — D RS JEER) ATN, IR A 118, K
KNERA PR TR R LS LUK R A 24 3m E E RAEE, DAB A SRR TR 21
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TG AETNTEARE AN R R 2 IRRE T, b SRR R A AT RE S A RRIR Y, I ELX R AL
TRRES A 75 RARMIELL T 250 M5 W, BEALHE T X FRES A 6] 7, ML RE S5 1 -

“the key on the table in the hall of the house on the hill”

233 IEfAE

SR TAERX A& SRR B 7 ISR ok (HE ATN BB IREMER) . — DT T LVA 24
9, T S BN AT ARSI 2 — 1 A_E RO IR 25 PF o 280, — MR ATN BZBEREM T AT (A1)
WRED TR AT BT LASE— AT OB T MY cat 90, S5 2418 (B0 Ashial R T ffD).

FURAFIT LR BAIR2 “time” B2 “time” M@ 44 37 SUR B 70 Mr d ] KI5 120 MR A I WE 2 4
R ATN 2 LU E K7 202171, AR E P o] LA A de Bt 2 4k 2) £ 40 69 ARSI, ARAT
IRk AT R SR AR A BN TR HLE Y

SEhr b, AT SR TCIE LAY o E FURAETCIH AL E , BB 3258 T AR BERESS SR AT i aeed [m] 3]
77 2RI 2R IR G . AL A X L LR B SRAAE ATN Saifeas ™ A4 1A S i
Wo FrLA,FE9 S ATN I, FATAT LA 7047 & BEAS A% HH R 320545 W — e st

MBVFL (VPR R 2 E0) M AR E MR HORE 7 AT A AREE , ATN — 1%, 6 A9t 2 R A G
Ko WREAL I ITERI A, SLREIRER TR AT H) FAA BRI BB AT 8558 (B BN R 4R
LRI TE SN o EEGEH P FRGR N L — T UGS RBP4 R e BATAR — 75
A B A 85 2R T FURAS B A AT RERYAR Ao AR ES R E G LY AR AN T A E AR A
MBI IT 2T SIFRATE T LU fail A8 FEHEZH BRI

N T A AR BRI G R G R R Py DA 5 BB B AP IME AR choose ZAd AR AN o TR
FENCSCSCIFFEA M TP FHE R B985 o BRARIERSERENLAY, SRR P LB f R 2
WP BEAT R . ANid, ATN Al Prolog —# , IR LML S SEBR AL T HISEE e £ ATN A, H gk
H YR A2 1T 24 AR E SRR o s X RE R BT, R SRl AT LA A0 SE 2R HE D e I Y < 3L
g

234 —/~ATN 4Ri% g8

— R, — DT ATN B3 A8 B = EB 5 2k ATN AN B HE 3 X 4> ATN HIfERESS  ib A —
AATCUH TR AR B 280 A B R BLFRA TR AT LLRTIE “run” 203l 213 IR 55— ik
T FRATE X B fd ] — A LR BRI T T gm i A el 8o FRATTH R AR M4 fRE A B 2% 0, B 3RAT]
240 ATN ELHEHIIE K Lisp A%, 7RIX BB AR T AFR N ATN Jnidede 1 J5 R IX 8y B
F ATN A2 JBOR B AT o 9 A s JROA BR R, T e S I < 22 ol R 5 R A AR

6 T TR BRI TT A o X R ST R W RELLAR PP YIS T B B R . FEX X
EWE S RBAEIB TN AT L B8 o TR RN A B AT, AR T (RN 35, 437 S TR i 4k = ik
ST RERE R VR ) Common Lisp SEH% A2t function-lambda-expression (1.

K 23.3 RALE T AP R ATN 7 fU8645 0 Lisp AR HIIRAEFF . HH defnode ZXA IR E 1Y Ao
CARSERIRAIRAIR 21 choose , FIRAERF M IN™ A= Y FB A P A TIESE . T RURECA M
NSHL, 533552 pos Ml regs: pos HIMEE MATHIHIATRET (— 14D, 1T regs & Y AT A frandl Ch—1
KIRFAIFR).

% defnode & M § N IXAN A4 RN BT TRl 1 s S BIOE SURE so IX TR
Pk AR URE I 5 | S AT BARTY 5 —— BT EE R PR s R &4 0 20T AT o X [] Bt
B VRTELS T RO RN B 1270 S0 F0 B Y BRI 2 B A X pR Al e s i B e

2% E L CLHS H Function FUNCTION-LAMBDA-EXPRESSION —73 6


http://www.lisp.org/HyperSpec/Body/fun_function-_a-expression.html

216 % 233% &0 ATIN 9474 F

(defmacro defnode (name &rest arcs)
‘(=defun ,name (pos regs) (choose ,@arcs)))

(defmacro down (sub next &rest cmds)
‘(=bind (* pos regs) (,sub pos (cons nil regs))
(,next pos ,(compile-cmds cmds))))

(defmacro cat (cat next &rest cmds)
“(if (= (length *sent*) pos)
(fail)
(let ((x (nth pos *sentx)))
(if (member ’,cat (types *))
(,next (1+ pos) ,(compile-cmds cmds))

(fail)))))

(defmacro jump (next &rest cmds)
“(,next pos ,(compile-cmds cmds)))

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
“(,@(car cmds) ,(compile-cmds (cdr cmds)))))

(defmacro up (expr)
“(let ((* (nth pos *sentx)))
(=values ,expr pos (cdr regs))))

(defmacro getr (key &optional (regs ’regs))
“(let ((result (cdr (assoc ’,key (car ,regs)))))
(if (cdr result) result (car result))))

(defmacro set-register (key val regs)
‘(cons (cons (cons ,key ,val) (car ,regs))
(cdr ,regs)))

(defmacro setr (key val regs)
‘(set-register ’,key (list ,val) ,regs))

(defmacro pushr (key val regs)
‘(set-register ’,key
(cons ,val (cdr (assoc ’,key (car ,regs))))
,regs))

& 23.3: 5 S AN H S 15

P ATN I TR 2 B ER trace TH. T (U808 T B0EL, T LARAT T H © 3530 trace 1. 3K
fITRT LA T Y Lisp BREL trace. WA 185 THRHIH), U EAH M =defun & 47 mUl G RATAT LA
iS5 F Lisp (trace =mods) KA1 i mods HIZHTISFEIHAT trace.

T R PR SO BT (5 R ORI A 7 R P 10 730 % 1] ) AR R R A AT defnode AR Y T RUER AL o
DR, A1 o L SIRER R s JAoxeh 7 AR, 23 e e B 38— 9 1 BBl AT choose i FHAERAE
PERIBLEI R AT X LEARRG B — P T o HAnan F—"M A LA A 15 25
(defnode foo

<arc 1>
<arc 2>)

AL T =AY R EROE L
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(=defun foo (pos regs)
(choose
<translation of arc 1>
<translation of arc 2>))

(defnode s

(down np s/subj
(setr mood ’decl)
(setr subj *))

(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

B JIT Ik

(=defun s(pos regs)
(choose
(=bind (* pos regs) (np pos (cons nil regs))
(s/subj pos
(setr mood ’decl
(setr subj * regs))))
(if (= (length *sent*) pos)
(fail)
(let ((* (nth pos *sent*)))
(if (member ’v (types *))
(v (1+ pos)
(setr mood ’imp
(setr subj ’(np (pron you))
(setr aux nil
(setr v * regs)))))
(£fail))))))

P 23.4: T AT RR B 2 JRTT

4 23.4 7R T & 23.11 FHAEN ATN B3 B S 2 R IT RIS ROBORE . 2419 s R B0 (I ) 212
FTIS R R I, S AR e e — R B IUEIT . pos ZEUIG & RAEMIA A T HRT Y RTALE, T regs M
T A 15 A B -

WGAETRATEAT A7 WRIHY , cat JRER BT AT A SRR LR TR £E cat JIHY)
PRAUAR T F75 * R B 1 AT B AR L.

Hi down <& LI push JI, W ZESROS -0 4% (141 T RE R DR [l o X LR £0HE 32 W B AR T ji1E NS
BT B 7ML BARTY AL sub, FRSRTIIZE AT R0 50, B nexto TEEE], BIRN cat A AN
SURTAT T MZ& ) — 10 i (E2 N push 9IAE REGAAS S FH T2 =bind. (EARZEHEFL S push IF51A]
BT AR, R A D N T 28 1R 0] o (E regs #EAE AT M4BT, — TR 2% F 4% (nil) #% cons F
CHHTTE « AEHABZEIY AYEAL AT R AU 15 * 2B E 205 AR 4 5 B35 AN AE push I *
T2 A 8 7 2 A7 2% 1% ] A 3R TR 2 o

jump PR R A T RS 0 ATas EREERRE T HART R R TR T AL, RN A e A
[T 50 o

Boa— MRS pop I, IXFIEEFS I up &2 Lo pop IR ELAANHE WY, JRRAE T EM 1A BFs T
o LA Lisp 1 return 28, return 8771 2 (AR — > R EL, 112 E I R 4L, 1 pop SR TH] YA
A s T AR A [ <9 H 5 /9 push 3. pop I =values “I& [H]” {2 T B —"1 push 9
1 =bind. {HAUWIE 23.2 %Fﬁ@,ﬁﬁ_&c H 25 SRR — i Y Lisp return iZ_:Z:#*i,:bind B R EUAR B 2
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MAAE— D BSRE R 1 I B IS EOE 2 Ja I B1% T 25, B3 pop IR =values i “U&[H]” (K
VENZHOMRTX A B .

55 22 FAGIARTPI S MUA Y FERENE choose, 73 i/ : — MIHI choose (55 203 T1), AR B TCIARILE
ETE%%I@E@%ET%%T@EE%?@E, IS — 18 1Y true-choose (% 211 ), CREEHIRIE N T
PISRIEH TAE. 4K AE— ATN FFEA T REAAAEIN , A A BAEAE D30 2 — R I REHE B A
feit A8 2 Mg iR R 2 ERI ) TR AU HAEARRI AN S HEBE A SR FTAYARFPER Lo X BIRNTA M

WES
1 HBCR Y BOE AR E R RRAERT (58 277 TR HE T HIREEARSBRAS) o

2. fEHPGE choose, AT H - A A2 LAY RIL4-& G H 2 jump FIHLRER T B3R, I8 40X 1€
SORERIRAT

FEE 23.3 SRIAAEH A%

& 23.3 H AR DU AN RE SCRE ST RS2 BURN 130 B A% DI eR B TR a7 A7 e 1 o AEIX D RE Y B B A7
R M RIRER KRR ATN Frfi HIEA T FEardl, R — RV T FEarde. Aot —1DT
WL IS, BT T — AR 25 ar A , XA A BEAE T A A andlny Bl [, TR AT, iir Ay 3%
Fres i R SR GBI E N — I RERR A PR A AR

IXLETSE 8 S BT AF e RV B AT R X AT 4 1, B & ik EIRAYAR—ZH 27 fr s : getr 32—
%?Z?%g;setr‘ﬁi%i%???%%;mjpushr‘ﬁg‘*4\ﬁ§ﬁﬂf\%?1?%§o setr3$upushI'%Eﬁﬁfﬁj79§§§1§5@%?1?%§ﬁ%4f
/e set-register. HEE ,%ﬁ%ﬁ%ﬁ%%?ﬂﬂ o K%{?Z{a\ set-register E@%{fﬁ%? , E%‘K%Fﬁ@
PR

XL T A B AT R SE 2B E R o “Cons, cons, cons”, set-register Al XHENE T H#AE
FEBAT R B, RIS 42 T R T AR . ANK, IETNES 181 DURBRERY , A RAR P 3 — 3 i 17—
SEAE B LTRASNZ IR HE ST B BN R o — A IEAEIB TR RN R A T RERE S — 1
IERHE R R ARG T D B h A B F a5 2 H o i id R = 8R4
TSR R T IR, FRATTT AT A4 ORAFAE vector FRIAT, A& CIEFR B, FF HAE LAY vector EIRE]—
A vector #LH

push. cat Fl jump JNHSA] AL 5 3RIA A @HEMN T X LERIEX N S setr 2 1o T
RHEATHFEE A AR compile—cmds,ii%%fL?@?gigyﬁE@E%??Eﬁ%ﬁé??ﬁ“%@ﬁUsetr 5515_‘ﬁ§,ﬁﬁj@“4\
LLb N E SV v

> (compile-cmds ’((setr a b) (setr c d)))
(SETR A B (SETR C D REGS))

BRI R RS SN E M ER G — D SEEARE H CZ2E0R T Al s — Pk
BROM, EE regse PR IR BB P AT — RIIFRIE A S B — M B i gk X 3Rkt
K2R Bl H R AR L A4 o
XAIREALL I REAERE S S oA KA B 2eAd RS Lisp AU, HUEHEIX L Lisp A0S 1> progn 2
AR LA T o 2R -
> (compile-cmds ’((setr a b)
(progn (princ "ek!"))

(setr c d)))
(SETR A B (PROGN (PRINC "ek!") (SETR C D REGS)))

TN L AL I BB P A AR REVT (R ZIFR A8 i o B AT B A 7K BB R 22 R Y *sentx HLo
AP RS AL AR I LR B2 pos, ERAFE BT BV TG ; LA regs , EMUHIARAF AL BT HY
Pl e r . R A BRI A B AT SL B AR RLE PO RES X 2 i W LA B
AT B o

S LEEOON getr MR LU setro
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%wnmmmwﬁﬁ@m5$i%ﬂ2tﬁﬂﬁ4ﬁ%%ﬁ%&m;%ﬁﬁ&ﬁﬂﬁﬁ%ﬁ%@

A S AT — DT B FRIE L, PO — AR IX B 45 1F with-parses IV iZ WIfaf 45 [A]

W ATEE R . KT L with-parses MIIREF] dolist IXFHRIERFEAZL . Lbr L EE AT THIIHEAZ

fAT B 2 AR TR B 2R o BRI I AT BV E B B EE AT with-parses FRIBZ A AIACIS AT —

URAE. AR £75 parse S4B E B Y RTHI AT EE R Lo with-parses FIAN IR e, K Aix
1EA2 fail FEGTIEARRE IS AR [FE .

(defmacro with-parses (node sent &body body)
(with-gensyms (pos regs)
¢ (progn

(setq *sent* ,sent)

(setq *paths* nil)

(=bind (parse ,pos ,regs) (,node 0 ’(nil))

(if (= ,pos (length *sentx))

(progn ,@body (fail))
(fail))))))

4] 23.5: toplevel 7%

FEBE— WP FTFRIALRE ST BRI ATN 21T, 1EIRATIeE— N 200 A — MY ATN 724 iy 70 A 25
Mo ATN HiiFdn (B 23.3) ARG T types, I E T MRERIRIAGIEIE S BT Y/ M6, i AR AT
TEILLEE NENL:
(defun types (w)
(cdr (assoc w ’((spot noun) (runs verb)))))

BAEFANT A BHERIATT RN — P 22UL4S with-parses, B

> (with-parses s ’(spot runs)

(format t "Parsing: ~A~J" parse))
Parsing: (SENTENCE (SUBJECT SPOT) (VERB RUNS))
Q

23.5 —4> ATN B9%51F

RESRTRATHE ATN Zmieas ML B BEMIIERE 7, 82 R A7/ MR ) T o AT ik ATN B934T
FRABALIR I ) TR A B o 20 JRTFEN ATN W25 AN ATN gRifan Fefd BH A 28—t X BR/R 4
B Z AT LA HORABLE  HR R R R B LS A & B AR RE S _E i JmBR M

IO ERRE Sy (AL FR A XA IR E TS RGBT BRI B BRI, BT AFRA TR ASH —
NBEEFRASK B . A 23.8 21 23.11 & LT B 23.6 TR ATN (305 13—4H ATN). JX M4
PR E G RS K 15 B REAE AT ISR 2 B 43 AT AT “Time flies like an arrow” I, REAS1S H Z Fh o4
g

MR EAAT A R AT, BRAT TR E— DR R IA . KA types (B 23.7) $24it T — P RdkAR
i . 8 BUHE ST 22 AR R IR R (R AR SR ER A — D SR A SRR, SR —
AN BRI I )T 5 A A M B

ATN /2 i ATN A S R A o AEAG]H FRATH) ATN #0F  B/ N — 2 5] 23.8 11 ATN.
CNT G MR F A B R B FR I 2 24 TR B F /5 H o mods AZEE— 7 8, B — P4 £
TN AU mods/n, B AR T L B A IH EE R F— DT R

2.4 T T IORT S R A XS RELEFE P BE 5 T It 1 2 i

1. FERREGUR A, AT LAt I RE e A 2Rl AT o
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prep NP omemmmmenl .
> pp/prep pp/np

noun _.---=ssal
-;~ mods/n Onoun

K 23.6: — MU K Y ATN

(defun types (word)
(case word

((do does did) ’(aux v))
((time times) ’(n v))
((fly flies) ’(n v))
((1ike) ’ (v prep))
((1iked likes) ’(v))
((a an the) ’(det))
((arrow arrows) ’(n))
((i you he she him her it) ’(pron))))

23.7: SAF F Ja] gt

(defnode mods
(cat n mods/n
(setr mods *)))

(defnode mods/n
(cat n mods/n
(pushr mods *))
(up ‘(n-group ,(getr mods))))

& 23.8: AR 455 B 1 2%

2. {E Lisp H', AT LA{E toplevel 7GR A8 H M I R L

XSRS AR, O T RATREREAT & 2 XA ARV AT Lisp 5 pRBGUR 7 A ¢, 3
Tl LA S — B A st il e vl

ATN R AR P AR MG, NE RIS EFA  ATN Z IR T AR o X MR LR 53 E
XA RTT AL —HEE T ATN BIF AR e BANTR DA 7 R mOR T ATN, HLEHT
45%ZVFﬁ?with—parsesE@§€‘44\23§QF§)\:

> (with-parses mods ’(time arrow)
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(defnode np
(cat det np/det
(setr det *))
(jump np/det
(setr det nil))
(cat pron pron
(setr n *)))

(defnode pron
(up ’(np (promoun ,(getr n)))))

(defnode np/det
(down mods np/mods
(setr mods *))
(jump np/mods
(setr mods nil)))

(defnode np/mods
(cat n np/n
(setr n *)))

(defnode np/n
(up ’(np (det ,(getr det))
(modifiers , (getr mods))
(noun , (getr n))))
(down pp np/pp
(setr pp *)))

(defnode np/pp
(up ’(np (det ,(getr det))
(modifiers ,(getr mods))
(noun , (getr n))
, (getr pp))))

& 23.9: 24 1A TE 1 /A 4%

(format t "Parsing: ~A~%" parse))
Parsing: (N-GROUP (ARROW TIME))

TR ORI W 45 5 ZURAE — 3, RO BT 1Al FAR S I Y. 18] 23.9 HE LRI RIZE R R o
Hr 42 AR, B A np TR FEIE 23.10 PE SCHTIZE IR R M i A i . 23R R A T RES
A, 2 IR FrEVENTA& A 4 push 30, 730510 H 75—~ k%
ZATSEEMZE AN T R A S i np A =R PR EE] T MR AR A E AT
PSR 219 1 pron, IX 2 LEE 5 XA 4% -
> (with-parses np ’(it)
(format t "Parsing: ~A~%" parse))

Parsing: (NP (PRONOUN IT))
@

TN B ISR 17 1775 2% np/det: — 25— D IR 37 (FLAnidt “the”), 5 — 45N B %
BREE A M NS AT 3] o 5719 5 np/det, P45 HUIER I [7] np/mods ; np/det AJ LAIEF push 2
%% mods , LAMCRE H AR 2 5 | 58 B jumpo 19 5% np/mods A1 4418 NG #AE £ np/ne XA
R A EIR B AN IR RIE M S B R REAREREE DR . SJa i 5, B np/pp, # H 45
Ko

GIMTANF I ) 4 R RE P E I AT B AR A AN AR E] o T P A4 TR R TR 45 F 7 BT 25 R
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> (with-parses np ’(arrows)
(pprint parse))
(NP (DET NIL)
(MODIFIERS NIL)
(NOUN ARROWS))
Q
> (with-parses np ’(a time fly like him)
(pprint parse))
(NP (DET A)
(MODIFIERS (N-GROUP TIME))
(NOUN FLY)
(PP (PREP LIKE)
(0BJ (NP (PRONOUN HIM)))))

I ER S jump F np/det, 1§ jump £ np/mods A —1> 18], S4J5 pop £ np/n, AT %)
iR B ER SRR A jump I, EE SN T ICEL— MR R FAF H push BT SR E A
T RFEEREN T — DT Mo X% T as HER , FATH T s A b G e fef) i BIOA A
R R IARAETE L BRI S BT NRBCAIMER R eI EZ . X AR KE “a time fly like
him” F “a Lisp hacker like him” [JE gt & — £ 11 .

(defnode pp
(cat prep pp/prep
(setr prep *)))
(defnode pp/prep
(down np pp/np
(setr op *)))
(defnode pp/np
(up ‘(pp (prep ,(getr prep))
(obj , (getr op)))))

& 23.10: A iAlSE TR T 2%

TR, AR K BIAERATER AT 2 — DR EE A S5 R 2% 7o 1] 23.11 H B 45 [F] I RE 93
TR AR IR T o FZ ST A AU so BB — D A E BN — DB IR EH R 4N
BB Y] FAEA A B SN WA DIHT T REAR I /2 | S A5 2 BXBE 2 1 40 25
S E 2312 e SB— &5 R “Island nations like a navy” 25404, 1M 25 — 11 “Find someone like a
policeman” /& [F]—Ff. XIT “Time flies like an arrow”, 542 1Y) ATN REF H /ST AL 0 Br 455 o

(X —F45 H ATN GaiEds i H 09 2 B4R T R 52 th— 1> ATN BB RG4S 2 23—
FEMB AT o IR T — SR B W A O AR SR AR B AR T M BEAR B A I, FH PRk
FEADL AR S PRI BB R AR Bt Pt 8 T o (HR T SR AN OGS (R, B AR ZE A/ 28 B X Fh g e
BORFTLAS o s 1 IR o
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(defnode s

(down np s/subj
(setr mood ’decl)
(setr subj *))

(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

(defnode s/subj
(cat v v
(setr aux nil)
(setr v *)))

(defnode v
(up ‘(s (mood ,(getr mood))
(subj ,(getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))))
(down np s/obj
(setr obj *)))

(defnode s/obj
(up ‘(s (mood ,(getr mood))
(subj ,(getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))
(obj , (getr obj)))))

A 23.11: f] TR

> (with-parses s ’(time flies like an arrow)
(pprint parse))
(S (MOOD DECL)
(SUBJ (NP (DET NIL)
(MODIFIERS (N-GROUP TIME))
(NOUN FLIES)))
(VCL (AUX NIL)
(V LIKE))
(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW))))
(MOOD IMP)
(SUBJ (NP (PRON YOU)))
(VCL (AUX NIL)
(V TIME))
(0BJ (NP (DET NIL)
(MODIFIERS NIL)
(NOUN FLIES)
(PP (PREP LIKE)
(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW)))))))

i 23.12: — AP R AT 7 20
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Prolog

ARESA B G 5 A HT Prolog f#FEdR. 28 19 B DARIR T a5 B 22 2000 1R ) ik A Y
T X IR — B TR e A7 7 RN, et ] LAAR S © A B AR B 20 A . — 20
WRE ST R L A B2 & R R —HR o il T IR m] REGL & TC IR 2 A =58, BT LABRAT T s 20 il FR AR
HETERIEER

Prolog /R AZUHH & B9 — MRIF B0 7o ERLG T =0 ECIRES, ARFEE M. Horp
ANTCERAES 18 FANE 22 T BN 2L HE Prolog £/ AEMCVEBC R MEe R E Y BE AL B 3R
AT DA E— A HIER, 220, BRI B RSE. B (24.1) R TA RIS ZHZ51 .

prolog programs

prolog
nondeterministic choice pattern matching
continuation-passing macros
lisp + utilities
El 24.1: %)=

AEHE A HAREE] Prologe X 4K =F i KRR ok, fal 2 B — T~ Hey U e o
AT WX 16T o M Lisp 583U Prolog ARHATHER, A EIK R H REAS A 41 HH X P [ 1Y 2K R o

24.1 =

519 G TIE A RERSZ B AR A BB A R SE, IX S R GERE A S AR T A T R A &
PFRIRE . AT BT, G clear-db ZJi), FATH WIS AR5 0 By 2 A T4 1A -

> (fact painter reynolds)

(REYNOLDS)

> (fact painter gainsborough)

(GAINSBOROUGH)

> (with-answer (painter 7x)
(print 7x))

GAINSBOROUGH

REYNOLDS

NIL

MM E5, Prolog &4~ “BiA MUY B ERE o EAMLOLRENS B2 MBI 4 A DT i A 254
KA A IE A, IERERS N BRI 5558 (B P IERCAY R B0, A 1 T AR -

If (hungry 7x) and (smells-of 7x turpentine)

Then (painter ?7x)

M), S s P2 P 7 4E (hungry raoul) Fl (smells-of raoul turpentine) XN/ 5L HFZ 7x =
raoul FLEEWIE & IHTEN) (painter 7x), RMEHEZAE A (painter raoul) XML,

225



e}

226 # 24 % Prolog

TE Prolog H', KLU Y “if” &85> B FRAE body, “then” #73 #EFRAF heado (FEXZHEH, B A5 5l U i AT
# (antecedent) it (consequent) , NI FHAN A 44 F bt | RESR I Prolog HUHE T AN T AR AHE ). 1
FAT I A A 1 B G0 B BT B ST A A HLU B head, 412K head BENH 2 25 i), B AR 7 < M Wi 1
M body BN S FNGEE . HRHEE L, ANRGPE L body, T4 E L head.

FERRINE) body H IR F4 2% Flgh S AT BB S 206 1T ey LA AR 00 8 5t o B0

If (gaunt 7x) or (eats-ravenously 7x)

Then (hungry ?7x)
TR AT LAk i I i i an -

If (surname ?f ?n) and (father ?f ?c)

Then (surname ?c 7n)

WK Prolog REAERM ML 4k 2| — S0 1B ORI SLAY IS 12, BB S oMz B @ & e . AT, &
ST RGBS RN SO IE BR 2E A T Sl R S A R B

ESRFUNAN ST B AP [ S e e R mT DUE R —— AT DA A VR e 5.
RIANTA B IRATHVEEE FERETE S et “ XU R KB S W @ A 173X &0, AT LS A 1Y x, 2 x
/& (species z),(big z) Ml (fierce x) IXLEFSL FLEIATEH I _E— B HIFHL (rare )0 WIRE
SR T AR -

If (species 7x) and (big ?7x) and (fierce 7x)

Then (rare ?x)

MR EAEFE RRCR M T AR E R I AR (rare x) T RATHZ T LUE LREHEH L9515
SEEHRI o BRI, 8 [0 N 5 3] O R AT T ekl R RN, A A0 o h ) Bt A BRAE AT, 46 /N T B FE R R
T

371 FENE A — R AR5 F 89RO &BRT LA —1> body TH 4 EL BRI SR 12k
B/ (I

If true
Then F

KT AL S, FRATPE R XA B, bodyless rules KFIRF L,

242 HREFFESE

5 18.4 T JR/R T WIFE X if-match BT, BT RS (HACRAGT , JE k& i TAERIEISE M 1R
i AR, A EEA R RS o IX B BATRIE XA Oy 785 [ HHARSR LA, Bl 1o h—
AR RS TR AR5 B AR AT R — AR P 5 15 B NS R

K 24.2-24.4 G5 T — ALY Prolog fRER . EREFEZ S H 19.3 T ARG AH M YA (B4
AR R T AR R ok A R0 E « A AR 2 18 1 7% with-answer SRIA I, F-ATHY Prolog MREHY
T% E’@,TTﬁ;r%ﬁﬁﬁ/l\ﬁfuﬁ/]% ,%R/ﬁ\% with-inference. AU with-answer, with-inference Ei/ﬁﬁﬁ)\fll:
—ANEWIEAI R4 Lisp Fh e A IEA] AR B AR5 IF S B4, it -

(with-inference (painter ?7x)
(print 7x))

with-inference [N &Il —BUA  ZAMENLKE Lisp 230 T AR KR 90 EHRAH. Lt
LA, AT A RER ! (painter o) MY x fTHIHIK.
UXE 2, LA binding H4 L FE4S 18.4 TTEZBM
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(defmacro with-inference (query &body body)
¢ (progn
(setq *paths* nil)
(=bind (binds) (prove-query ’,(rep_ query) nil)
(let , (mapcar #’(lambda (v)
“(,v (fullbind ’,v binds)))
(vars-in query #’atom))
,@body
(fail)))))

(defun rep_ (x)
(if (atom x)
(if (eq x ’_) (gensym "7") x)
(cons (rep_ (car x)) (rep_ (cdr x)))))

(defun fullbind (x b)
(cond ((varsym? x) (aif2 (binding x b)
(fullbind it b)
(gensym)))
((atom x) x)
(t (cons (fullbind (car x) b)
(fullbind (cdr x) b)))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

[&] 24.2: Toplevel 7%

& 24.2 25 T with-inference M X, M HAE GPE T KA. with-answer fll with-inference
AR D) AT PR R R S R P A B A R I WA T AR A E PR R R o FRATTAT LATE with-
inference HIE L IR RIX — i B BCA RIT AR, MR FRIT R T —BRER [l — 0 E RARY , X3
e fail ARER T MMER. XTI HEIATE R TR, .

> (choose-bind x (0 1 234567 89)
(princ x)
(if (= x 6) x (fail)))

0123456

6

ER%L fullbind WA H T with-answer fil with-inference M X — R[EZ AL, Y& LA 0] 2R i ) &
fI1a] LA — AR5 40E AP A A AR A R R e . B IZ A B A AR A TR E
1B I PR ECR S AT BN N I BAE o IX /2 fullbind Y H 1, HI40:

> (setg b ’((?x . (?7y . 72)) (?y . foo) (?z . nil)))
((7x 7y . ?z) (Y . FOO) (7Z))

> (values (binding ’7x b))

?y . ?72)

> (fullbind ’7?x b)

(FOO)

AR TH A ISR E R /2 B with-inference JEJFA [ prove-query £k 18 24.3 Z5H 71X BR4L
A E SCR HA R o X BRI S 19.3 9 iR A A RS S A Al o 2 PR AR AT B R SO T 1T
fic , RN AR iR mapping FTI%AR T Prolog R U FH &A1Y chooses

Anidt, i PR AR E AR Z O AC R 7 U S ARRE A A8 A R A A5 58X 1 B T Y i T
IR
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(=defun prove-query (expr binds)
(case (car expr)
(and (prove-and (cdr expr) binds))
(or (prove-or (cdr expr) binds))
(not (prove-not (cadr expr) binds))
(t (prove-simple expr binds))))

(=defun prove-and (clauses binds)
(if (null clauses)
(=values binds)
(=bind (binds) (prove-query (car clauses) binds)
(prove-and (cdr clauses) binds))))

(=defun prove-or (clauses binds)
(choose-bind c clauses
(prove-query c¢ binds)))

(=defun prove-not (expr binds)
(let ((save-paths *pathsx))
(setq *paths* nil)
(choose (=bind (b) (prove-query expr binds)
(setq *paths* save-paths)
(fail))
(progn
(setq *paths* save-paths)
(=values binds)))))

(=defun prove-simple (query binds)

(choose-bind r *rlistx*
(implies r query binds)))

] 24.3: A iG] AOfARE

(not (painter 7x))

ARG AT SN (painter 7x) EAZINE, WERIKENESAIIRENIR ] nilo 1M A AR EMAE R
I8, B N PR BRATTA AT 2 (painter 7x) £E not [WVERIERZ A fail, [FIF (W15 (painter ?7x)
NE) BATEAR BORE HF NIEARR 2. FTLL, (painter 7x) HYFIWIAER FAE— Il 9 23 48
IR IR e BT S5 RIS | S O ST 12

CATZ B 55— KRR T X fa] FAAR A iR —— 2R LT (painter 7x) HUAUAL i —IHRAFILA
SR RRIE A B R PREAR X 8] B A iR E T, B Lookup (5 174 T1). 1E Prolog i FEds
Hh AT S B A7 LN i REAEE S L B9 485E , IR Lookup ELANIE

] 24.4 25 1 8 SORIASE FRRRIW AR o AR TBOAE 42 SR 91 36 *r1istx HYo A5 AR i body #1 head
FIAL S ROXT (dotted pair) #iko 24— PRUNREE U AE— T RIZe ooy — Ay

<- WE SUTEAR T =B, —BOR UL, 9 5 IX S P I 1 5 #0  SR AN IX 26 ST AOES -

L AMAH LI F A 224 SRR TR B AR T AN i i T, oA 2 T AL B 69 e e 0 S SRR
HIFP— 20T

2. FEZTR LN R , 2 head JECEERIT T, DR D9 A% Py 25 78 WU A 0 500 A2 A o
3. WK body A ZAFRIEANE, B4 ERTRAE T A A LAY and HLIH
15 <- W EmsNZ A T length, HHREN T kA toplevel W <= B 4T EIRSONOEZIE=N
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(defvar *rlist* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,@ant))))
‘(length (conclf *rlist* (rep_ (cons ’,ant ’,con))))))

(=defun implies (r query binds)
(let ((r2 (change-vars r)))
(aif2 (match query (cdr r2) binds)
(prove-query (car r2) it)

(fail))))

(defun change-vars (r)
(sublis (mapcar #’(lambda (v)
(cons v (symb ’? (gensym))))
(vars-in r #’atom))

r))

P 24.4: AL RN AT ALAD

(rule) : (<- (sentence) (query))
(query) : (not (query))

: (and (query)*)

: (or (query)*)

: (sentence)
sentence ¢ ((symbol) (argument)*)
ym g
(argument) : (variable)
: (symbol)
: (number)
variable : 7(symbol
(variable)  : ?(symbol)

& 24.5: BN )T

AU B8 AN A 24.5 FR o HUIEY head IR — P SCAURE: — M BI3R, ISR AN EE A JU 2R i — 1
1A, IREEREUE RS AL body W LUREM A AR, HEE 19 BRI E AR drREBE i E AT T 1
e 7 T B A A — R

(<~ (painter ?7x) (and (hungry 7x)
(smells-of 7x turpentine)))

BE %
(<= (painter ?7x) (hungry ?x)
(smells-of 7x turpentine))
FIE W R &1, 250 turpentine WIZEUNSHORIE, it LLE MTBUA L B4 quoted.

HIATLL prove-simple WHAE I AL I ERT , & HIARRAE HBIL £ — 2N FFEAEZM U A A iy —
%% implieso /DR &L I i B A 1 A HE N Y head VCRCAS K. — BUCHC D), implies 4451
H prove-query, iILEAR BN body HEAHPE. HIXMITIE, BA TR 2P R4 S o

change-vars B8 B LI v i A 1A A B0 0T A2 B o IRAESE SR ELAE A T 7%, AR A0X 1> 2
x AT HEHN EEA 7x BEA KRR N 7@ RIAE Z 8 K& A vh 58, 0 — 2 KL, B2

H change-vars.
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N T AR BT X BT DA _ (R RIZe) FVERLN B R s RO AF A8 i e A8 58 SCHLIN A B4, 223
AL rep_, AR T RILHE BRI IE AL i R IIZet AT LA AELST with-inference YA H
8

243 i

ARFTREA G BATHT Prolog AN o FoLAZHE 24.1 7 BYPHZANI A Bl

(<- (painter 7x) (hungry ?x)
(smells-of ?x turpentine))

(<= (hungry 7x) (or (gaunt ?x) (eats-ravenously ?7x)))

A FATERE TS T (assert) FIEJLASZEEL:

(<~ (gaunt raoul))
(<- (smells-of raoul turpentine))
(<~ (painter rubens))

A PR AR L E SCRY BT , A PR B A R -

> (with-inference (painter 7x)
(print 7x))

RAOUL

RUBENS

c]

with-inference Z:fll with-answer —FF X AS 40 A A M FR& (LS 19.1 19).

FATRES HIXHE—FFRLN & EHRAE N A T RERISRAE , &R0 AL 2h e T U SR S L. IX AT
AEo bt AR A AR H BUAE RN ) head B, (HAITE body HLAS A FEE . IXFPRLNIGEREWE L2k, TH
FERRE ]

(<= (eats 7x 7f) (glutton 7x))

VEIE QR 7x 2208 (glutton) , AB 4 7x SURE AR, 2. FH 7f 18 body BLIA HIL, ArbA, HIH
A rx WAL — Y E  REIEAEEIE U (eats 7x o) IH L. WRIRATH— P FHEEN eats 5 —
D2E TR,

> (<~ (glutton hubert))

7

> (with-inference (eats 7x spinach)
(print 7x))

HUBERT

c]

AT FIEHPRE AL 2R o MR — MR EA N 5 — A BRI

> (with-inference (eats 7x 7y)
(print (list ?x ?7y)))

(HUBERT #:G229)

c]

M S1FE] T gensymo EEH AL gensym VENZ RN ZEEIR ], XFNERMEHRES LN H - (50
REFF A AT LA = R FT X — 1541
> (progn

(<~ (eats monster bad-children))
(<= (eats warhol candy)))
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> (with-inference (eats 7x 7y)
(format t "~A eats ~A.~%"
7x
(if (gensym? ?7y) ’everything ?y)))
HUBERT eats EVERYTHING.
MONSTER eats BAD-CHILDREN.
WARHOL eats CANDY.
@

B, MR AT ERR € — DR E T B S SO E B2 AR N B, IF 47T A4 H body “h TS ELH A HL
Xo  (and) FIAXFRE X F L, HAT RIS —FER . BTHE <- 29 (18 24.4), body HIHA X B 5L
A& (and) |, Ar OSTX RN ST TR A #2206 25 body :
> (<- (identical ?x ?7x))
10
> (with-inference (identical a 7x)
(print 7x))
A
Q@

i A Prolog, AT LA HE A 24.6 JR7R 11 Prolog Tk HLH BIFATRE P R IL B R . 1]
E2B, % Prolog FEJ7 £/ append, B LAG & 24.6 Z5 EHIARFE. £ 1K append H, I ME
AR TE R — D53 Lisp K%L append 11 D5 91 A A SHL, TR A 3 24 GR [FHE .
Prolog ] append Hil ]2, [&] 24.6 TP FHINE LT — D REF , LB AMEREPI R FI3 1
MEFHREREI =1

BATHEL LS Prolog WL AIA A1 T LA X :

1 A ARSI B4 5 T AER S FER KR . AN Common Lisp S A X5 A/NF [,
PR RS AR BER AR

. 01K T nile
DB x| oyl BIRIARET (x .oy
R Ix, oy, L ] BRI (x oy )

b= SRS T FESCE T, 10 H AR 2 RS ES W 4 T pred (e, y, ...) T (pred x
Y .. )o

[\S]

w

I

o

T/&F, Prolog X} append & -

append([ 1, Xs, Xs).
append([X | Xs], Ys, [X | Zs]) <- append(Xs, Ys, Zs).

U T TR AR

(<~ (append nil ?xs 7xs))
(<- (append (7x . ?xs) 7ys (?x . 7zs))
(append 7xs 7ys 7zs))

K] 24.6: F1 Prolog T X . ¢ &

> (with-inference (append 7x (c d) (a b ¢ d))
(format t "Left: ~A~%" 7x))

Left: (A B)

@
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> (with-inference (append (a b) ?x (a b c d))
(format t "Right: ~A~%" 7x))

Right: (C D)

¢l

> (with-inference (append (a b) (c d) ?7x)
(format t "Whole: ~A~%" 7x))

Whole: (ABCD)

@

AL, ARG T iR PR IR RER BT BRI A AT RERI AL

> (with-inference (append 7x 7y (a b c))
(format t "Left: ~A Right: ~A~%" 7x ?7y))

Left: NIL Right: (A B C)

Left: (A) Right: (B C)

Left: (A B) Right: (C)

Left: (A B C) Right: NIL

c]

append XMl 437~ 1 T Prolog FHEEF Z AR ZE . —4H Prolog FLINI/AN— & IR EHE A E
FEME. JXLERI ] PAZS HH—2E 25 R (constraints) , T IX LE24 RN f F2 Fp H AR 732 i i 29/ —[A] 4 BE
R MRERIE. A8BIKU, WPRIX AR E L member:

(<= (member ?x (?x . 7rest)))

(<= (member 7x (_ . ?rest)) (member ?x 7rest))

HURE & HIWT 1 B B % 2R, F Lisp B PR AL member HY L — R —Ff:

> (with-inference (member a (a b)) (print t))
T
c]

AL, FATE A U T — DR R RN XA AR HABZ R | [ FE ] DA — R g 1 51
%o WRIATFHBLEMIFFWY cara

(<= (cara (a .)))

FEE—PTAEWDITTRERYIEE, LB car K a, IBARX D FELHNE X, H 7TIXME A member , $LA
T IR EA, AT AL Prolog AFRATAEH — MREMERT
> (with-inference (and (cara 71st) (member b 71lst))

(print ?1st))

(A B)
@

BilFAR R (H o H P AE IR AR S 5 S U R R e It — @ o oI AT I, B AT AR B i 4 78
SEERA G E R TTEOR R E R, I 2 REM L Prologe =S EAEBIIX T T AT LAFRAR 2 KL A i)
AL R, I 24.14 BUROR T PSS X SIS R 4D R AR I L HOR IR

244 XHFIEFREERIE K

55 22 TEMRRE T AE MERI AR S MR R A DRI T A o o P At S A R AR P BB RS2 — N0, AR
FIrAr il 21X B G5 R T AR E MBI R AR P W 2 A5 Bl choose , BRI AR I — N4 2R W SR T P e B2
LR, IR A LW fail, KR ERTESNX ME R TR

ARRFRATTF A ATRLINAT AR A PR/ NI SR E S &, T HBATA B PR IR B A i 26402, R
SRS B p ARE ML R . R BT 2 R T055 2 G0E , I FATE A S GE A B — AR T
E WS SN R L Sy oL DR 1T el SR /(1) R 1 P
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(<- (all-elements ?7x nil))
(<= (all-elements ?x (?x . 7rest))
(all-elements ?x 7rest))

HEFTAIVA (all-elements x y) HYFEL, y WA —DRARSET zo A H B, RATARES LB
RN REST IR
(all-elements a (a a a))

(all-elements a (a a b))
(all-elements ?x (a a a))

SR, BICEL 1T 7x T LAT & (all-elements a 7x) X&), Ll :nils (). (a a),%F%F. EEMEA
ERBTT A IEDE W ARG R B AR DGR S O IE , — BB T T & SAE RISk =T 2B —
PR AEIXTC 55 2 B S AU B — A R R SR ZE B N —> Lisp SRIE 27T, AT & h) &
WA R , B AFRA TGRS AER— K, BN H USRS ZR T .

IXHAE AT 2 with-inference f4FE 1™ A BRI H: body [ RAEIS A A TR IR K . T 218
AIRES XTI TC S5 20 ISR, At AME— Rk HRE R B 4 — & 28, T 5 S i A B 5 1948 2R B S
PER . FENIRATMFEFPEH T choose Al fail , T LAE REAS DL THI 14 [ 51 -
> (block nil

(with-inference (all-elements a 7x)

(if (= (length ?7x) 3)
(return 7x)
(princ 7x))))
NILCA) (A A)
(A AR

FHFT A HI Prolog SEHL—H , FATHL AR By [ AR EEOUSEAR ZORBIAR R E TR Y . MBRIE BT,
GEARRER” & EIE A AR ETEIRBIRY . MTSEPR b, & 5% Prolog SEBLANH H AR IR ML R X4
PR AREBA IE A , 5, TREZAIL S A AR SE P2 AR Y Prolog B2 e AL # TAE R EEA . £ {8 ]
FARME ME R TS B T A 2 i

(and (all-elements a 7x) (length 7x 3))

B RN RN E R AT, IR E R R A4

Prolog fifl TR LU G 28 SEBLARRENE , AUt , & 6 F AR LU SCIE NS 203 DU E SCATRRASE
ffro IEANFRATEAL IR IR XA LBV A RESRIEZ LY. fiTEA Prolog F2 7 SURAURELE [TTRYFH it , 8 5
FEA R S (A HLET = AR R 28R, A R BT B2 B 7 X member

(<~ (member 7x (_ . 7rest)) (member 7x 7rest))
(<= (member 7x (?x . 7rest)))

%Zﬁﬁﬁ%ﬁw@ﬁﬂﬂﬁ%%W§$@%WﬁPM%%%W%&@%%%@K@TOW%@mmmMI
SRR E L, R4 4 1H) (member *a 7x) , 158 — RINEMAY, To5 2 KGR HEMRIE LT
Bk, e A — N Teg5 i H , — DERESAE.

245 FHrHJSCIE

FEIE T, BA oA B i Al 2] AR 55— 526l AR5 18.4 717, fE45E 1f-match HYRAIAR
ARG FAVR I ST g SCHAG B, @i A it i i) ©AE B, ATAT LS — D oA ik
CAEBf T E DR S ek AEEE 19 3, IR T FIRERY [, AN X — R OIS s K. AT
E MR SR T — NS AH S AR . 1 S S AEBATTHY Prolog feREds LT

I 24.7,24.8,24.10 —iE AR — M /7 2E L T Prolog. %% with-inference DA H /2 Prolog &% 11
el BIAEMR 7R B R B AR So BTRE R B S T R FE AR — B AN AR 24.8 g LAY BREL
Eﬁh%ﬁmwe%ﬁ@ﬁ%ﬁmmoﬁ@@ﬁm%Wﬁbﬁﬁwmwﬁ%&ﬁ%*i&ﬁ@ﬁﬁo
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% 24.7 H 2 with-inference HIHTE Lo fll if-match LAKZ with—answerﬁ?‘*$¥,ﬁiiﬁﬂﬁ@ﬂ§5§%fE?F
TR AT R0 E 2 gensym b ROR AR A B VLB AR T AR RE. T, #% match A1 fullbind
PRI A BT varsym? A ZAE LT BRI /2752 gensym.

with-inference W H gen-query (@ 24.8) 1 H Eﬁ%ﬁ?ﬁiﬁi*ﬁiﬁﬁ\fﬁﬁg, IX LA A Ry A i S 4P
JEo gen-query TMHIH —{FEEIA EHIH M SHEAEATI L and B or AR 28 &I, X4
RS IR T T, B A B R R A ) X LB ] A 2 R IT IO prove BYTA M o FEJFORBYSEELAH  iXFh
AR A IS T W SE BT Y o LA, S 68 TR I , #6004 body I AR ify . AKX
ZIC B ORI A H)E AR S5 S SR TR o FEREIXAN I, B b A SE BN AR 23R A 3Ry g fr I
TERS 2 T i

TR SEEL—F#  with-inference FXARIFHAIAMG & oA TRy, A if) AR i T 40
FE B B R —— 3 E /T, SR FRE AT Lisp fifi%. with-inference HYEIA LI — fail /4,
A2 EHZ AR RS

P 24.8 FhHA R B O A2 A A 1) AR O B B RT3 —— RT3 ands or Ml not ARAERFES 2K
HIATIA . i AN YA

(and (big 7x) (red 7x))

FEH., T B A ABLERE R prove W~ E HGUHY 7x, A W7 A Lisp AUHERAE. K, 0 T 4K and /Y
JEITE, BATBEE S BEUHRIT SR AR — NG BEU RIT U 202 (big 7x) BN T, w4k s
X (red 7x), MR EH WK IIAYIE , WASIX A Lisp RIAAPEATRAE A1, BeAFB T o e 24.9
FI 7o

(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
¢ (with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query))
(let , (mapcar #’(lambda (v)
’(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun varsym? (x)
(and (symbolp x) (not (symbol-package x))))

&l 24.7: HTHY toplevel 7%

and ERE TN ;1M or WIERE choose. A FHIE 1]
(or (big ?x) (red ?7x))

P72, R H R — D RBEE ST 7x (90E , FATH A 2 Lisp KB M HIX L8 7x RFFTKAE.
PRI gen-or £ T i choose, G & S 1EIH S ELH gen-query HiEHF —1 o 2T not,gen-not HA L
1 prove-not [AlH—H (VLI 24.3).

P 24.10 & E SN B9 ACAD o R B e 4t i Lisp ARHS, TS & & B rule-fn £ KA
FE <— M ETF A T Lisp AAS, BIr LATNRAE — D53 7 JE SCHI SO 1 935, st i ki Se i 42
JC R I ) PR

B —> rule-function W E|— M | B S EHT H C RN H head 52 UERC. W1 SRITHC A2,
IX/ rule-function BN H body Wz HBE . XIS R with-inference HIIIREIEA 5L, 1M H., &5
SC F rule-fn SFELE R IEHE I gen-query. rule-function H 4R Al —LL48 5 B ATZ HNH head
H LAY AR BT IS Y
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(defun gen-query (expr &optional binds)
(case (car expr)
(and (gen-and (cdr expr) binds))
(or (gen-or (cdr expr) binds))
(not (gen-not (cadr expr) binds))
(t ‘(prove (list ’,(car expr)
,@(mapcar #’form (cdr expr)))
,binds))))

(defun gen-and (clauses binds)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
’(=bind (,gb) ,(gen-query (car clauses) binds)
,(gen-and (cdr clauses) gb)))))

(defun gen-or (clauses binds)
¢ (choose
,@(mapcar #’(lambda (c) (gen-query c binds))
clauses)))

(defun gen-not (expr binds)
(let ((gpaths (gensym)))
‘(let ((,gpaths *pathsx))
(setq *paths* nil)
(choose (=bind (b) ,(gen-query expr binds)
(setq *paths* ,gpaths)
(fail))
(progn
(setq *paths* ,gpaths)
(=values ,binds))))))

(=defun prove (query binds)
(choose-bind r *rules* (=funcall r query binds)))

(defun form (pat)
(if (simple? pat)
pat
‘(cons ,(form (car pat)) ,(form (cdr pat)))))

& 24.8: XTI T Zm R AL R

24.6 8 Prolog FFiE

DA B AR E L LB T4 K2 K “4E7Prolog FEFP . fi)o — /& FHAIA —2EReE | 3840 R (cut),
At R 100

£t Prolog MU AN cut S REXHTE B BEATIIRE 1o 1%, BIATIREFALE] £ail KR, B2 01
Bl g — MR . TE55 22.4 TSI choose 11, #1781 HAIEE SUH LR T 42 R4S it *paths* Ho
H fail,ééfEE%%ﬁﬂiE@‘*4\ﬁ§%%ﬁifg%ﬁﬁ§@ﬁﬂ@%?iiig,ﬁﬁiiﬁ\ﬁiﬁ§ﬁiit§%*paths* B caro cut il [RIAHE A
T o MBFEFIBE] cut I, B FIRAFAE *paths* B A0 RopmdesF ol AR SRS s — O
H prove ZJa TRAFHYIERE Ko

HEER RN Z 0 B o FRATATEAN cut SRAE Prolog B /7 HikH] case 1A YRR . 28K, 40
FUE N HIZAEE L minimum:
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(with-inference (and (big 7x) (red 7x))
(print 7x))

expands into:

(with-gensyms (7x)
(setq *paths* nil)
(=bind (#:g1) (=bind (#:g2) (prove (list ’big 7x) nil)
(=bind (#:g3) (prove (list ’red 7x) #:g2)
(=values #:g3)))
(let ((?x (fullbind 7x #:g1)))
(print 7x))
(fail)))

K 24.9: G HGEH EIT

(defvar *rules* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,@ant))))
‘(length (conclf *rulesx*
, (rule-fn (rep_ ant) (rep_ con))))))

(defun rule-fn (ant con)
(with-gensyms (val win fact binds)
‘(=lambda (,fact ,binds)
(with-gensyms , (vars-in (list ant con) #’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(1list ’,(car con)
,@(mapcar #’form (cdr comn)))
,binds)
(if ,win
, (gen-query ant val)

(fail)))))))

] 24.10: & UL AL AL

(<- (minimum ?7x 7y ?x) (lisp (<= 7x 7y)))
(<~ (minimum ?x ?y 7y) (lisp (> 7x ?y)))

EATAEER HELBREARE. A8 NYIEH
(minimum 1 2 ?x)

FRAYEEE — 2, Prolog #4 & 37 BIEEST 7x = 1. A A2 AMIE, b2 20k oh 1k, (H 2 7 & 410
I, Ak A EE S HNAR B4k T8 %, AR NS IR ERX AR BRI “FIEM T, XA
Y minimum 2250 50% (ICH . IRAESE — DS A cut BEREMFHAIX — [R]#1 :

(<= (minimum ?x 7y ?7x) (lisp (<= ?7x 7y)) (cut))

(<- (minimum ?x 7y 7y))

BULE,— H Prolog e/ I 45— 2N, E it — B 45U 3R T BRI, 58 AR 0 | T AR QRERAL R — S MU o
FHEFATORY SRR, RTE MRS e RHRAER A prove B, i1 xpaths* WARAS A4 S ES AL
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BEX e WRBFREE] T cut, B xpathsx BEH] E—CUYESEUE ARIME. 18 24.11 Fl 2412 IR T A
T SRR, RS B A . (B G RS AT IR A 405 ORI o FFARFTA HY B ShER I i T
B R AT )

(UL B FE 7 R cut A green cutse minimum H1HY cut B2 green cuto ARFh &I FEFATH
) cut WIBEFRA red cutso FLANUE, WIARFRATG T EARKEE LIETH artist:

(<= (artist ?7x) (sculptor ?7x) (cut))
(<~ (artist ?x) (painter 7x))

SERAUR AR MER S IR 2 A MBI IS A o R RS2 IR 2B A E AR

> (progn (<- (painter ’klee))
(<- (painter ’soutine)))

4

> (with-inference (artist ?7x)
(print 7x))

KLEE

SOUTINE

@

EANSRATAE RERE 2 B3, AL A (A5 AR AL B8 — S R s 2> 452 1 -

> (<- (sculptor ’hepworth))

5

> (with-inference (artist ?x)
(print ?7x))

HEPWORTH

c]

AN, cut 2H Prolog [ fail #/ERF—E IR FRATHY fail BRECH Z W T cut BRI H
AN [FHEXE AR AR B T BT - — BARGE B 48 VRt L RE X AN A RE T S5 o 4 cut-fail H AN
FIHRRIN] B MR R AR LR RT3 - H BT RIX 486 it HEEXI 27/ not-equal HYSEILE A
HLIY 451 1 -

(<~ (not-equal 7x 7x) (cut) (fail))
(<~ (not-equal ?7x ?7y))

X HL AR — S RN O B R TS T RBE o AR IRATICERENTE M (not-equal 1 1) HYZRSL, B2 oAl
B2 head DERC, SRS HHIBUKT. T o T (not-equal 1 2) AEEIINIALFISE —4HN Y head IT
Fic, (R 2> AR5 58— 2 LI DL TS, £F5 B E 2x DU Al

> (with-inference (not-equal ’a ’a)

(print t))

¢l

> (with-inference (not-equal ’(a a) ’(a b))
(print t))

T

Q

24.11 A1 24.12 A ARG [ e 9 FRATTRYRE ety R 1 205735 1/0 1 Prolog 1Y is #RAERF. 8] 24.13 F
T RN A T

ATH Lisp - TAJETT, 8T IX A7 A T HCEE B (I IIRE) B3R BILE, B T 1% 0 and
il or HYHRAERF, AT T 1isp #RAEARF. XM RAERF AT AR Lisp #0082, M 2k AORE M, ¥4
AR A A G  VEAFRIA P AR R A . RFRIEZORIE R 252 nid AR AN 1isp Bk
MAE (fail) G ; FEHF (and) G

T2 1isp BAERFIIETo AE—F ordered HY Prolog SL3N, HAA Y4 5113 o 3 LATHTHESI
A, B AR
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(defun rule-fn (ant con)
(with-gensyms (val win fact binds paths) ;
‘(=lambda (,fact ,binds ,paths) ;
(with-gensyms , (vars-in (list ant con) #’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(list ’,(car con)
,@(mapcar #’form (cdr comn)))
,binds)
(if ,win
, (gen-query ant val paths) ;
(£ail)))))))

(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
¢ (with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query) nil ’*pathsx*) ;
(let , (mapcar #’(lambda (v)
’(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun gen-query (expr binds paths) ;
(case (car expr)

(and (gen-and (cdr expr) binds paths)) ;
(or (gen-or (cdr expr) binds paths)) ;
(not (gen-not (cadr expr) binds paths)) ;
(1isp (gen-lisp (cadr expr) binds)) ;
(is  (gen-is (cadr expr) (third expr) binds)) ;
(cut ‘(progn (setq *paths* ,paths) ;
(=values ,binds))) ;

(t  ‘(prove (list ’,(car expr)

,@(mapcar #’form (cdr expr)))

,binds *paths*)))) ;

(=defun prove (query binds paths) ;

(choose-bind r *rules*
(=funcall r query binds paths))) ;

] 24.11: AT HARAERT 19528

(<- (ordered (?x)))

(<- (ordered (7x 7y . ?7ys))
(1isp (<= ?x ?7y))
(ordered (7y . ?7ys)))

FBUEARFGE w1, TR IFGR A 10 MRS A M EE 2 TR A A S5 — 1o/
TEEETE TR, MHNE A ITTRITEFIREEAFFH, AR A A RESIZ SRR A FHY

> (with-inference (ordered ’(1 2 3))
(print t))

T

Q

> (with-inference (ordered ’(1 3 2))
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(defun gen-and (clauses binds paths)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
‘(=bind (,gb) ,(gen-query (car clauses) binds paths)
,(gen-and (cdr clauses) gb paths)))))

(defun gen-or (clauses binds paths)
¢ (choose
,@(mapcar #’(lambda (c) (gen-query c binds paths))
clauses)))

(defun gen-not (expr binds paths)
(let ((gpaths (gensym)))
‘(let ((,gpaths *pathsx))

(setq *paths* nil)

(choose (=bind (b) ,(gen-query expr binds paths)
(setq *paths* ,gpaths)
(fail))

(progn

(setq *paths* ,gpaths)
(=values ,binds))))))

(defmacro with-binds (binds expr)
‘(let ,(mapcar #’(lambda (v) ‘(,v (fullbind ,v ,binds)))
(vars-in expr))
,expr))

(defun gen-lisp (expr binds)
“(if (with-binds ,binds ,expr)
(=values ,binds)
(fail)))

(defun gen-is (exprl expr2 binds)
‘(aif2 (match ,exprl (with-binds ,binds ,expr2) ,binds)
(=values it)
(fail)))

P 24.12: IRAXSHARAVERF B9 S0 HF

(print t))

B 1isp #RAERF , RATS LASR L ELRY Prolog SEENEAT HY—LELABRRE . ELSLIN Prolog HY 170 1H1H],

AL Lisp #Y 170 R 1isp A H o 11 Prolog HY assert, BA MEIVEH , £ in 46 & LSRN
EALAEAE 1isp FIAX HITH <- Z0oRSEM—HER TR

is BAERFERAL T —RPRIERIE . EAMWDSE: — DA, — 21 Lisp #k. B4
FOR RN IR IR R 5 R IT AR K o AR ITHC RN, AR AR Pt & VA fail; /500 & & (8 AT I 96 2 4k
gsfT. W, i’%ij_fi (is 7x 1) BAER LRI 2x IR ERL 1, BE EHER L BRF 200 7x WIZ 2 1.
FAAHERELL is BEA T A Loniid, TR 3fe
(<= (factorial 0 1))
(<= (factorial ?n ?f)

(1isp (> 7n 0))

(is 7n1 (- ?n 1))

(factorial 7n1 7f1)
(is 7f (* ?n 7f1)))
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(rule) : (<- (sentence) (query))
(query) : (not (query))

: (and (query)*)

: (lisp (lisp expression))

: (is (variable) (lisp expression))

¢ (cut)

¢ (fail)

: (sentence)
(sentence)  : ((symbol) (argument)*)
(argument) : (variable)

: (lisp expression)
(variable) : ?({symbol)
24.13: MUHHTIRTE

FATE— DM, LEECE 0 (A E R E DS L — DA A28 FIXA ok XA
FE X
> (with-inference (factorial 8 7x)

(print 7x))

40320
¢

R, 1isp REX MBI, AN is BYS8 —A2H M0A B RI90E H HXT Y, Xk, 56k
AREIRIEME. FiT A Prolog #RAFAEX IMERA o HLANE, T HY 26

(with-inference (factorial ?x 120) ; wrong
(print 7x))

WANBERIX D factorial HYAE LR LA, IAAESRAE 1isp ARIAAYIG , 7n i ARREL. R, AR
Fr /Y Prolog P2 #Fn append —FE AT AV ZEBER FELE S 1202 LS A , il factorialo

247 BlF

X2 7R JLA Prolog Bl | 9 4 ANT 4% S RELEFLATHY Prolog SEMLAIEfTHIRE . [ 24.14 HIM
555 ST P HE R S XRS5 TP (quicksort o y) AUTHSE, Hr o 2 — 0156 11 y 2
AT — S R R T EA Y 75— P13 A A TR AR e At ] DA BRAE 58 — 2500
(A=
> (with-inference (quicksort ’(3 2 1) 7x)

(print 7x))

(123
¢

X2 B LU 10 IR AT Prolog SEBL, JEALE E RN M T cut, 1isp, LA is XL
VERFo ARIEINE 24.15 iR . FEILEIER (echo) AYMEE , & ANy SR X SE RN o A5 if) & S5 FNEE —
MNFRNICHL , 53 240 7x 488 %] read IR MIHYZER | FF{E Y. (echo 7x) . TIHTHIE NS EM%
N2 —DCHC. AR 7x = done, AR A B HIHL S AESE SMMME Tk A0, A4 DT EC 8 = 4] $T B
HREIRHE SN BRI IR AL

IXEEHMNILE E LT — D7, B4 — BRI R AR 7§ 24T done:

2B TE  JFOCHN “This final section shows..”, FESCIRIE LS K48 T “FeJ5”e
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(setq *rules* nil)

(<~ (append nil ?ys ?7ys))
(<- (append (7x . ?xs) 7ys (7x . 7zs))
(append 7xs 7ys 7zs))

(<= (quicksort (?7x . ?xs) 7ys)
(partition 7xs ?x 7littles 7bigs)
(quicksort 7littles 71ls)
(quicksort 7bigs 7bs)

(append 71s (?x . 7bs) 7ys))

(<~ (quicksort nil nil))

(<- (partition (?7x . ?7xs) 7y (7x . 71ls) 7bs)
(lisp (<= ?x ?y))
(partition ?xs 7y ?ls 7bs))

(<- (partition (?x . 7xs) 7y 71ls (?x . 7bs))
(1isp (> ?7x ?y))
(partition 7xs 7y 71ls 7bs))

(<- (partition nil ?y nil nil))

[§] 24.14: Quicksort

(<= (echo)
(is ?x (read))
(echo 7x))
(<= (echo ’done)
(cut))
(<- (echo 7x)
(1isp (progl t (format t "~A~%" 7x)))
(is 7y (read))
(cut)
(echo ?7y))

[ 24.15: An 1/O loop in Prolog

> (with-inference (echo))
hi

HI

ho

HO

done

Q

GRIXHERRE P ARAME, KA E T B T Prolog MG . AR EAE 7 HI_EFIFIK Lisp AYIE, AT RERLE S

fifise 7

(defun echo (&rest args)
(cond ((null args) (echo (read)))
((eq (car args) ’done) nil)
(t (format t "~A~%" (car args))
(echo (read)))))

R HBE Y Common Lisp 2K, 5l A2 :

(defun echo (&optional (arg (read)))
(unless (eq arg ’done)
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(format t "~A~%" arg)
(echo)))

248 WIERIENX

“iiE” XA LEREE. W Ehr 0 MR R FA R R R ARG 228, 0
RIS SR AR R P I S e, TN B AU B AR Lisp BREL

PLRR R S, 2 1 TR R 7 B L 1 5 O RE o AT HY Common Lisp SEEL2 L bR KU 156
PLasE S RS 17 DU ARSIy iR —Bo™ A A R A 2 4 1 19, IR 20X BUURS = A i e 2 2
GriEId . AL R S A A L b, X B U AR Py (R At A 3 e o SR8 FH S BR RL3F BY Lisp, A1)
9 Prolog & il S M H S AL &R 5

SRT, SO R BIRE ST 45 A R AEAR A Prolog %hi% %« MRFIIHETING , “iF” BEEEE—5,
A AL AR AS o — [ IAFRTE = A dn AR R IR P Y [R)  , AE AZBTRE AL 7= A B AR o EE D
Ui, ARLE— Lisp Mg FdRdi T 213055

(+ x (+ 2 5))

CAVEASE RE , BERUREI B L ELFRIBITIHIA XX (+ 2 5) BEATRAE. FATHT LA 7 BUmAZ, LAY
DRy, X FERLAS % T A 5T

+x 7

FEFATRIRE T, BT 9 9 2 TARRDR 10 Lisp i se Ay, i1 H., BB R AL 2AE Lisp EMOCE,
IMANELE Prolog Lahff o IXLEATALAIRARESRTHIERE (2 ENTHAIRIR 7o Lisp ZRiFa A HIE E IEAE
I AR A2 IR FR MU AT . HIEHY Prolog HiFas 24 Hi IR LE RERLHG LU PRATRLIN , T FATHY 1y -
AR R A W R, LUK RE B AR B BC Y AT 6

RAGE T IR ML B RS ks R 2 (BR X EE S WA I TR . R 2
JERE AR IR A 2085 2 I AL S R LA AR, I 5 2 N L i A%, 3
TIPSR E 1T 3% A~ TAE AR YA S — 00 H RN S — 1 H IR LY Prolog 4% & A
HE R



M [e] X5 8 /Y Lisp

AREEDIE T Lisp H AT X R 44 Common Lisp FAE T —ZHIAERF AT (44 55 18T [7) 4 52 B2 7 I
i IXLEERVERFRIEL K, FF PR Common Lisp Object System , 5. # 1 CLOS. fEiX H AT CLOS U
UG — T 5 T [0 G e (0 T B, TR B AR S804 — 1> Lisp #2177 . MR R A TFE CLOS 2B
fift Lisp FHTHI ] 0T R e 2 [A] 5% RIS HE

251 RATEABHFE

TN 52 ) G A R R P LU s — A i s B — N S5 TL 2L, BV &
ARG RE BT R BRI . A2 1970 440, 2 FI P T EHLARGEHE I 2 R 2 h WE 28352 )
PRI B 24 B XA 1] A T RETE AN A 28 B AR ) ARl IUAE , RGEHIALERRE )
AU T2 e P v A& P E— e RS L.

XX RgFEAIR K E L, FE R RIRT SRSk AT LER — R 724
ARG Zh A , TR LE A B CRIIEIZ ML T 4 B P B B A LU O R <X 42> ]9 5e
Higtz .

AR AR (B FRA TR — D 4P TR . A DX A [ — D IME S S — D B A R AL,
LB SE R IR)G 1 DUAL P -

(defun area (x)

(cond ((rectangle-p x) (* (height x) (width x)))
((circle-p x) (* pi (expt (radius x) 2)))))

AT )X 52 BT EE M2 R R RO R B Lt REAS TH At B B AR area XA BRI, IR 434
AR B R AR 2R P 2 AN rectangle ZEH] REML A EERMGIXHE

#’ (lambda (x) (x (height x) (width x)))
2T circle M2 Z&IXHE
#’ (lambda (x) (* pi (expt (radius x) 2)))

FEIX TR, FRATIADA R ]300 SR A TR, SR 5 G AR s it s 2 B B b () 7 ok A [

CLOS HYZIRAALFRRF Lisp IEAEXAE H C, AR 70 G A9 A )5 30 5 HIX DL, AN ik
Lisp ISAESESF KL, 8 e 7R U T A G s IXFEIR D] — 28, i Lisp H AYARLEEEAME S 0A 44
5, HEARAFEENA , BT LA N A R #4254 Lisp S FA RAES o 53— Fiidk  Lisp 2 — [ JH -
JRIITE S AR MRS B AN R IR R R S5 F T AR A SEBI, IX i 22 e BE el A

H1F CLOS A& R A 1Y, BT AR Lisp Bl I 17X G 1Y 2 B2 1 5 FF A B85 SR, Rl iX
i Lisp RBA/NIE 7o BIR, Lisp 4 — M FIXS RAVMARTH 5 , (EAL IR IAFFAE B RGN T I 170 5 1 J
FEREe FEAET X RE R R Lisp MR REHLHERY SRl REMETT Co O TIERTIX T AE/
FATA T CLOS — —> Lisp #2/7, Bil Lisp A T — 1 TH A AR IIES

YRR AR AT AR “Plus ¢a Change”. B H ¥4 E 11 “plus ¢a change, plus cest la méme chose” , 7 [HI = UL : AR 4L

T2 MO JFR A S o SIS i IR R ]

243
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AEREGET EITH CLOS AN — MR ATE S R SLBIRDTTE, Eifa7r Lisp AT [FIX R AR L
AR R X AR T CLOS A4S B HY— IMRIFAY T B, B2 ) — R = RORRIE , AT AT i RE L
TRRX A RE RSB T o AE5R 7.6 19, IRLE SR MO ORI . N — TS — A
AR T[T RAM R AR A Lisp 2 LAY — MBI HrP g BRI 0E5E 25.3 192148 25.5 17
VEA— PR IAKRSF

25.2 PBHZERR Lisp R AIFT S

FATRT LA Lisp RASUA A FEARFRIMERITE T o A PR BB A0 73 i LA T[] 30 G G R Y 2L
SRR E] Lisp FIZEAMGHIH Lo Aid, CLOS MY HE ARMALEFRATHE LUATEIX 158 AL, AE RN R
Tt CLOS RELEFRAIMAT A28 , AW S BB TN B IIR Y Lisp #RRETLE4T 20

AR D R G A AR ZL R 2 BURE , HSEAE Lisp RHICAA 1o IRATAT LA A5 27 B A6
HKATENR T AR o AEATTH, I 2 H TR ARG S B MR R G, 1X A RGN T4 2 FL5E
MBS T o R, S <, e

1. BARIERXER

2. CREX S AHEAE O,

3. 1 ELXS SR BEME A AN R AR L JE PERN T o

f£ Lisp L1 C &A1 LR BUR R YE R 7 0 Horp— Mgl & A0 G S B Rha 7 38, F00 G 1 it

VE NG AR IRT X FEIRA AT LA gethash KT A48 5E B9 @1 -
(gethash ’color obj)
HI T PR ECR BT R BATFEAET LS B AT R R AR . XU, IRATHIN R R rT LA J7
T B AN R B E JT 2 funcall — AR B A 44 B
(funcall (gethash ’move obj) obj 10)
P, FATAT LAE SL—Ff Smalltalk XU FH A% I8 TEES -

(defun tell (obj message &rest args)
(apply (gethash message obj) obj args))

PRI, 5 R (tell) obj #8010 4> 5L, 3l AT LA
(tell obj ’move 10)

AL FHAR Lisp ME— /DBy R AR, A A TAT LU AT AR LB P B RUA,
A RRAS 18 H U gethash RS RUX IR :
(defun rget (obj prop)
(multiple-value-bind (val win) (gethash prop obj)
(if win
(values val win)
(let ((par (gethash ’parent obj)))
(and par (rget par prop))))))

RN ESRA] gethash BT rget, WL AFFRIAMAR TR RIER e MR ML, W R] LATE EXF R
9423k
(setf (gethash ’parent obj) obj2)

FIBAEN IE, FRATHRAT 7 B R — R — DX R R — 1A A AT LAY parent JE ML —
B X REA Z 4K T, 101 25.1 HE HY rgeto
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(defun rget (obj prop)
(some2 #’(lambda (a) (gethash prop a))
(get-ancestors obj)))

(defun get-ancestors (obj)
(labels ((getall (x)
(append (1list x)
(mapcan #’getall
(gethash ’parent x)))))
(stable-sort (delete-duplicates (getall obj))
#’ (lambda (x y)
(member y (gethash ’parents x))))))

(defun some2 (fn 1lst)
(if (atom 1st)
nil
(multiple-value-bind (val win) (funcall fn (car 1lst))
(if (or val win)
(values val win)
(some2 fn (cdr 1st))))))

& 25.1: £ 4k%&

FE LR (AR BT, Y TR AR BT B R AV BRI, 75 208 A0 S e P ) B4R
AR G B A BA TR B A5 B i A B i A2 X i LRI E . 2 AR R E 3K
I HEAHEHX PR (R R A RE A, BRI Z A s s — A, AR A Z
MEPRFIRT o FATNREHARE M AR RIEZANE . WRATH LD, TATE A 25.2 TR 4%
RS ca AR EH b ¢, 1 b A ¢ IART do IR (B R EEOLSE) Al T A UGER avbs 1d]sc Ml do
A A E B R IE R AR TAE a Ml e B IBATM TR 255 a PRYBYE, TAE ¢ Y. XRiE il aidfie—
AR - RI-F- 20 2 2 BT s R PR AL AR

P 25.2: B [A]—FE2RH 2 A% 15

N AR A ESLHIAR R R R AT S NI A REAEAR & IR R A 72200 R AT A 5. A
A IER R RF B %2 avbs ovdo AREAMEA RERIIEE RN R 20k AV EH e o Bl 5
R RIE — D FER , B3R d AN G I B A S i, SRR FISRHET AL B IR B0 — IR St B
CHTINZRT, R R E R ITR.

get-ancestors %éﬁﬁ]7ti$¢%ﬁﬁﬁ,@2%?%2EJ**ﬁ‘%ERﬁJ:Eﬂ%%NUﬁFF?E@ﬁﬂ%%,ﬁﬂ%%qjﬁﬁiiéiﬁ%ﬂiﬁﬁﬁu
CHASEA T N T EERAEHE P TR — R R AHHSE T L, get-ancestors i1 HY/Z stable-sort I
3Esorto ‘*Ei%ﬁf?ﬁ%kﬁ,rget ;1§E%E§U§§‘*4\§i¥§§ﬂEEE%%EE@XﬁgﬁitﬁIﬁij7o (§zfﬁjifisome2;5§some
HI— MBS, BEREE T T gethash IX I 5 MR MBS NSRRI R %L )



246 %25%F @@t £ 49 Lisp

XS AE 58 51 2 v oe Z T &2 56 S LR IR0, s fa B i — A 2R 2. 2R orange /& citrus
A7 R SR fruit B 72880 IR AR i 2 150X 1 : (orange citrus fruit).
AR, CRAZ MK B LIXLERTHER) B RSN EEHESIR . it , AR A T

(setf (gethash ’parents x) (list y z))

MABIRNTEIL R — DN HRIFR BB IER , y SR UET 2z 85 & 28015, FATAT LA 2 [ 19 ol
JoR— T, R AR R

> (setq scoundrel (make-hash-table)
patriot (make-hash-table)
patriotic-scoundrel (make-hash-table))

#<Hash-Table C4219E>

> (setf (gethash ’serves scoundrel) ’self
(gethash ’serves patriot) ’country
(gethash ’parents patriotic-scoundrel)

(1ist scoundrel patriot))

(#<Hash-Table C41C7E> #<Hash-Table C41FOE>)

> (rget patriotic-scoundrel ’serves)

SELF

T

DUAELEBA DS IX AR AR R G ARt R LA GBI RS F o 1X MBS AT S G, 14
B MZARAEEHFIER . BIRY AT UAS AT A IR X R 2 1 (R JRATTB0A 2 A X
PFEEAE IR AT SE I 18] 25.3 HE ST 4400 obj HIRREL, iIX 1 BR B T AR BB HUXT 2 X R AU H 5113
WRAFAESRAG B N7 H_EORAFRIHLIES2, BATFRIR EHE L T rgeto

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (gethash ’parents obj) parents)
(ancestors obj)
obj))

(defun ancestors (obj)
(or (gethash ’ancestors obj)
(setf (gethash ’ancestors obj) (get-ancestors obj))))

(defun rget (obj prop)
(some2 #’(lambda (a) (gethash prop a))
(ancestors obj)))

25.3: FH KBTI SR 11 pR L

/N LA M R BT P ve11 A B2 RIS I L T2 0 A, 30 it
TR AL RTEIREBAR PR FHREAEH Lisp BIZERIAA T
(tell (tell obj ’find-owner) ’find-owner)

FATAT LA I AR R M E SO PR BOR KA tell IXFIE:, WNIE 25.4 FR . FIIEZ 4 meth? HI(EAN

AR E NI, RGN XA JRIE RLZAE A AT HEARAL TR, 7S B ZA S i —> slot, AR EAR A rget fir AL
BIRYE. — HBA O PR R AT —Fh B LI T

(defprop find-owner t)
AT AT LA s EOR 7 SORB R, IR AU B2 R SUR Lisp FIFE T T

(find-owner (find-owner obj))
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(defmacro defprop (name &optional meth?)
‘ (progn
(defun ,name (obj &rest args)
, (if meth?
‘(run-methods obj ’,name args)
‘(rget obj ’,name)))
(defsetf ,name (obj) (val)
‘(setf (gethash ’,’,name ,obj) ,val))))

(defun run-methods (obj name args)
(let ((meth (rget obj name)))
(if meth
(apply meth obj args)
(error "No ~A method for ~A." name obj))))

25.4: PRE B

B, RS R AR A AT e 1

> (progn
(setq scoundrel (obj))
(setq patriot (obj))
(setq patriotic-scoundrel (obj scoundrel patriot))
(defprop serves)
(setf (serves scoundrel) ’self)
(setf (serves patriot) ’country)
(serves patriotic-scoundrel))
SELF

FEM RSB N RN B F R E X DT e XDITTRE ARG H O, Z 22 4kK
3R BURAEEIX R EA S 2 B RGN, R VF AR H Y J7 A kR ok R T IR AR IR E ST
EIRZ . anid, FA TS A BEE DI EA move JT AT AL move J7 15 (HREBR I Z AN EA LW H 2
a2 JRisl TS LR .

AT XA IS FRATIEE SRR , L before- after Al around /5 #5. before /71l FRATREW
MR, “SE R XM E F . XL IESAEIZ T B HR i s T ol A E AR 28 B BT o after
TTELEFRATAT LSRR P, B X WL T 177 X ETTESAE NI G A . fEM 2 [A],
FMESPITEEH CLEEEA JT ER R AL, B FRN £ 77 % (primary method)o & HIIR MBI R Ry HE
NITERIR EHE, RIS after J7 AR H G .

before 1 after J7 i 1EFRATREHIHTHIAT A LT ALK . around J7 2 LA—FEE &7 0 #7572 SC B T
XAINEE. WIARAFAE around J7 5, AR 24608 FH s AS P2 £ 75, W & around J7%5. JfH. ,around J7 A
INETIHETTIE (H call-next , L REEIA 25.7 ), 2 TRATHNEEM B Ho

e 25.5 FIE 25.6 Frzn, o8 T ibixX Seq B i 75 354300, 3 AT 1% run-methods Fl rget MHLA T 2dt. 7
ZHTRIRA L YR AT R BT RN 1B T B — D R AU UE R R AR . AT &is
RS RN BB B —DT735 . I ERBI T 88952 RE 8 B A 44 2% R -

1. A A RIS, o i LACHY around J7

2. A A3 ARG -
() AT before /7% , A ITRC Y £ 5 A ITRCHY o
(b) FRUCACHYETT ¥ (R ATLART 29 ).
(c) AT after J7i% , M /NIL LAY 217 DT AT o
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(defstruct meth around before primary after)

(defmacro meth- (field obj)
(let ((gobj (gensym)))
>(let ((,gobj ,0bj))
(and (meth-p ,gobj)
(,(symb ’meth- field) ,gobj)))))

(defun run-methods (obj name args)
(let ((pri (rget obj name :primary)))

(if pri
(let ((ar (rget obj name :around)))
(if ar

(apply ar obj args)
(run-core-methods obj name args pri)))
(error "No primary ~A method for ~A." name obj))))

(defun run-core-methods (obj name args &optional pri)
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))

(defun rget (obj prop &optional meth (skip 0))

(some2 #’(lambda (a)

(multiple-value-bind (val win) (gethash prop a)
(if win

(case meth (:around (meth- around val))
(:primary (meth- primary val))
(t (values val win))))))
(nthcdr skip (ancestors obj))))

&l 25.5: Hi BT

(defun run-befores (obj prop args)
(dolist (a (ancestors obj))
(let ((bm (meth- before (gethash prop a))))
(if bm (apply bm obj args)))))

(defun run-afters (obj prop args)
(labels ((rec (1st)
(when 1lst
(rec (cdr 1st))
(let ((am (meth- after
(gethash prop (car 1st)))))
(if am (apply am (car 1lst) args))))))
(rec (ancestors obj))))

K 25.6: BT (£5)

] IR TR, 5PV RO A B BR B B, A T A DU I R B S5 o AR BEE S () 1%,
AREFHBOX R T
(setf (gethash ’move obj) #’(lambda ...))

AT T
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(setf (meth-primary (gethash ’move obj)) #’(lambda ...))

BT B IS HE R AT A E LR IR RATE LTk

(defmacro defmeth ((name &optional (type :primary))
obj parms &body body)
(let ((gobj (gensym)))
‘(let ((,gobj ,o0bj))
(defprop ,name t)
(unless (meth-p (gethash ’,name ,gobj))
(setf (gethash ’,name ,gobj) (make-meth)))
(setf (,(symb ’meth- type) (gethash ’,name ,gobj))
, (build-meth name type gobj parms body)))))

(defun build-meth (name type gobj parms body)
(let ((gargs (gensym)))
‘#’ (lambda (&rest ,gargs)
(labels
((call-next O
,(if (or (eq type :primary)
(eq type :around))
‘(cnm ,gobj ’,name (cdr ,gargs) ,type)
>(error "Illegal call-next.")))
(next-p O
, (case type
(:around
‘(or (rget ,gobj ’,name :around 1)
(rget ,gobj ’,name :primary)))
(:primary
‘(rget ,gobj ’,name :primary 1))
(t nil))))
(apply #’ (lambda ,parms ,@body) ,gargs)))))

(defun cnm (obj name args type)
(case type
(:around (let ((ar (rget obj name :around 1)))
(if ar
(apply ar obj args)
(run-core-methods obj name args))))
(:primary (let ((pri (rget obj name :primary 1)))
(if pri
(apply pri obj args)
(error "No next method."))))))

& 25.7: & LT

4 25.7 5 SCHTBURIXFER— 2K o ARG A A AR R A SR SEEL A eR 8, X B R B T IR RES |
HEM 7. around METTERTLUMEH] call-next MM T —A7 ik Bl N — U7k 8R0S 4 1
TTEAAE RSB T 280007 AR B st T B9 2 ME— A9 around J7 %5 0 AT —4
TR I before 715 S UERL 19 = J7 YL after J7 35 =3 BRI I OVIF o FESRUCECIYT 377
‘%E ,F#ﬁ‘?‘i%ﬂﬂ%ﬁ:ﬁ%i@@aﬂ@iﬁ%o EE? call-next E/‘]ﬁ?ﬁﬁly%?z?ﬁﬁlm E"]ﬂﬁﬁ, U call-
next 0 ANE > defun A4 RIE L, AL B R LIMERA T defmeth JE SLAYTT i BR)ESE Lo

around J7YEECE L5 IE AT LA next-p RARMT — TG GAFAE. ARG FTHY L& T74:, 1M
HETEF BRI SR B BN, LA SH T ik BT 43%A T JTER, call-next 24t
B RN % 2% T8 next-p AT . 4 call-next, next—p L /EAF /72 B ] B Ryl SLAY o
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T HAG N % defmeth AT IE . WRIATHEA BEE L rectangle X4 1] area J7 15, FA1&
Wi
(setq rectangle (obj))
(defprop height)
(defprop width)

(defmeth (area) rectangle (r)
(* (height r) (width r)))

WAE, —> rectangle SEA Y IR & FH AU HRO6 B 7 11 A5 H

> (let ((myrec (obj rectangle)))
(setf (height myrec) 2
(width myrec) 3)
(area myrec))
6

XEANE Z—2e iy 61 BTN TH filesystem MG E L T —1 backup J7%:

(setq filesystem (obj))

(defmeth (backup :before) filesystem (fs)
(format t "Remember to mount the tape.~%"))

(defmeth (backup) filesystem (fs)
(format t "Oops, deleted all your files.-~%")
’done)

(defmeth (backup :after) filesystem (fs)
(format t "Well, that was easy.~%"))

IEH AR AT

> (backup (obj filesystem))
Remember to mount the tape.
Oops, deleted all your files.
Well, that was easy.

DONE

BTR, BATEERGE R — K& AE B 2 VI TE], Br LA LLE SCR TR around J57

(defmeth (backup :around) filesystem (fs)
(time (call-next)))

AR A E ] filesystem 1251 backup (FEAEA T IUCELAYT around /7N A), A8 A FKA TR around /5 5%)
ST ELIBITFRHIRAE backup HISATHIARLEACHD , AN F Z AL AT ENTHE] T time AR I
AT time MIRIEMENISBAEN backup J7 3 HIHI(ER ] o

> (backup (obj filesystem))

Remember to mount the tape.

Oops, deleted all your files.

Well, that was easy.

Elapsed Time = .01 seconds
DONE

—ELRTH T 6 R A B 1], 13 &8 M0 around J7 ¥« VA undefmetn TIXE/ 1 H
{9 (&l 25.8), BRIZACR defmeth FIHTHI S HUHF -
(undefmeth (backup :around) filesystem)

A IRATAT RETT BEAE I AR AT RSN FR o AR T T IXFME )G, FATE R 128 b7 L 5 5T

EMNR LR A TR RHE SR 21 H AT LR BEAIMEMZ I RN E BT 2R(E L, FrLAFRAT]
WA HIT—A children @1



25.2 fa A& Lisp F #92F % 251

(defmacro undefmeth ((name &optional (type :primary)) obj)
‘(setf (,(symb ’meth- type) (gethash ’,name ,obj))
nil))

& 25.8: Lpidyik

(defmacro children (obj)
‘(gethash ’children ,obj))

(defun parents (obj)
(gethash ’parents obj))

(defun set-parents (obj pars)
(dolist (p (parents obj))
(setf (children p)
(delete obj (children p))))
(setf (gethash ’parents obj) pars)
(dolist (p pars)
(pushnew obj (children p)))
(maphier #’(lambda (obj)
(setf (gethash ’ancestors obj)
(get-ancestors obj)))
obj)
pars)

(defsetf parents set-parents)

(defun maphier (fn obj)
(funcall fn obj)
(dolist (c (children obj))
(maphier fn c)))

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (parents obj) parents)
obj))

P 25.9: AP AR 2RI AR

K 25.9 H AT B FIRIRVERT RN T-3E . X AT gethash RARTG A KHNT-RAF 2, 142
R BAERT parents fil children. HHEHEEDZE, WIMEX T setf A&EHM . BIE &1 eR%L,
IS defsett E YN set-parents , iIX T ERALELE 1A YA LA LB RO A 4% RGEREAR
FrH—Hrt.

N7 B A T A X G HIMH ST, set-parents WM T maphier , JX M EREUHIAE FIAE Y T AkoR i
B/ mapc. mapc XFIEBEGNICRISIT R L, FIFER)  maphier XX RAMIEFr A B9 5 AL 1
TERYER R BRAFXLETT SR A o 27T s, 5 A RO RSB NI A 8k PL b fEIXE,
ORS 2 HRE, KA T 2 I get-ancestors FHI FH— K B Z AR Y o

AR, BAE B R 2 IR EE R )1, AT AR R 1Y) parents FIA M setf BiAT LA T :
> (progn (pop (parents patriotic-scoundrel))

(serves patriotic-scoundrel))

COUNTRY
T

R R RGNS PRI, 2 2SN - NI FRAI B R 2 R H 2 B8 (children ANELL
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NEHEEEA HEXWARAT L HERATE LM set-parents AV ] set-children HLAI LA
To ) A TECAHARS, TRATERE] 25.9 W55 EBNE L T obj B

IRIRFRATETE e — D T-BORALE 7 8 VE X IXA RE R B fm — W0t BUAE , S 40 T A i —
F IR ICEL AR (AR E T LAM call-next RIMAHE B F L), EERNIA BN R A
AR FITER R A G ERYE? i, (] my-orange A& orange Y F3%, 1M orange X /& citrus MY
T-Zo MK props JTEMAE citrus EAVIR B (round acidic) ,tHIVHY,orange HIIR[FIE/Z (orange
sweet) , my-orange %5 /& (dented) . H/ERELL (props my-orange) HEIR [HIIXLE(H ¥ 5F & wilf /%

T: (dented orange sweet round acidic)o

(defmacro defcomb (name op)
¢ (progn
(defprop ,name t)
(setf (get ’,name ’mcombine)
, (case op
(:standard nil)
(:progn ’#’(lambda (&rest args)
(car (last args))))

(t op)))))

(defun run-core-methods (obj name args &optional pri)
(let ((comb (get name ’mcombine)))
(if comb
(if (symbolp comb)
(funcall (case comb (:and #’comb-and)
(:or #’comb-or))
obj name args (ancestors obj))
(comb-normal comb obj name args))
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))))

(defun comb-normal (comb obj name args)
(apply comb
(mapcan #’(lambda (a)
(let* ((pm (meth- primary
(gethash name a)))
(val (if pm
(apply pm obj args))))
(if val (list val))))
(ancestors obj))))

& 25.10: TiEAHE

RINFATTRELE 7 B0 BT A 320716 A3 [ R A A~ R, T AN (AR [ g DR G A IR 32 eR A5 3 [
18, AR 2 S REMR DX AN [l T o 18] 25.10 HUE SR — 75, XA LR FRATRERR E T R & T-B, I Hid g
SUTHTMUAR ) run-core-methods , BREMLE AT A AE— B AT defcomb & LT IE M4
G, CHT LS — 2R B A SHEE TIBENHE T EH X B A S
PRE. it B L2 iprogn. :and- :or M :standard H I — 1. WIEAAHE FHET =AY, Rgmi e HAHMN
AIERERF R G 0715, 1 - standard W3, RN A TR LATT A9 02 R A 707 ¥

& 25.10 RO ERBGEF ) run-core-methods. WAL A /7 3-8 8 & N mcombine W BT R K
2 —P1N o AN mcombine NWIZANEREL (Feln +), 80 B F (Ll cor)o BT —FMEN, A T
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TR EE A R 91 2 2 BOk BEIX A R AR e BTG DL, AT FAFIIR A S 7 0] I B e B0 2
JT TR

(defun comb-and (obj name args ancs &optional (last t))
(if (null ancs)

last
(let ((pm (meth- primary (gethash name (car ancs)))))
(if pm
(let ((new (apply pm obj args)))
(and new

(comb-and obj name args (cdr ancs) new)))
(comb-and obj name args (cdr ancs) last)))))

(defun comb-or (obj name args ancs)
(and ancs
(let ((pm (meth- primary (gethash name (car ancs)))))
(or (and pm (apply pm obj args))
(comb-or obj name args (cdr ancs))))))

K 25.11: JTIEALA (48)

WA 25.11 7R, and 1 or IX W ERAERF A 2 ELRF IR AL B o B (TR AR AR X A8 B S R AS A2 KL A B AT
/& special form, M2 A B AT FLE (short-circuit) SKETT =

> (or 1 (princ "wahoo"))
1

X AT AHMASHATEN R, 28 or —HEIFE nil FIZEU &2 RNR . 52 2500 A — B I RCHY
T EIR BB B E IR ATH N or AEBIFETTIEMASH A A 7 5L and Al or HUIXFREEEE R, 3K
MTH T PANET I RS comb-and Fl comb-or.

T SEIFRATZ mT R AT LAX A
(setq citrus (obj))

(setq orange (obj citrus))
(setq my-orange (obj orange))

(defmeth (props) citrus (c) ’(round acidic))
(defmeth (props) orange (c) ’(orange sweet))
(defmeth (props) my-orange (m) ’(dented))

(defcomb props #’(lambda (&rest args) (reduce #’union args)))
XHERE XL Z 5 props WUREIR [ fir A £ IR BIMERY A T *

> (props my-orange)
(DENTED ORANGE SWEET ROUND ACIDIC)

AR R T UBTE Lisp BRI GRG0 A 2 T AR - AR BURATAE slot B, 30
RARAFAETTIE R

Eiﬁi,ﬂﬂgﬁﬁaggprops 7?%§@R§§§Uﬁk%§aq$?j@,51%?ﬂ§7?%§5@9ﬁé?7f5tﬂi[jﬁﬁ%f@%it(ﬁnndard)EﬂﬁT:
> (defcomb props :standard)
NIL

> (props my-orange)
(DENTED)

SR G BT Y7L AT LA B reduce, iIXFE AT LUE G 30 cons.
T props BRI G AR union, FIILFIFR TR A —E 3Rk B 7 HES .
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BT before Fll after /5 ik HRTEAMER A G T A S AR 1M around J7 SR LARTHBEE TAE

AT RN AR P HORAE N — DR  TTAS R AR LA B, BEA TR R e . 51X IS Y
AR AR RIS . ANE W IX D& — D0 DUCAERIREEY ) PRt ] AR A AR 36 e A &
JERTE S e INRARA BIEFE I E B35 , A — D/ NS AT LALE & A A 24 0k iR 4 A —4>
AR AN BT R IR A E B S5 81 3R

253  ZEFNSEH

L= T T — AR AT RERL/ NIRRT R E T LI CLOS.  FRAFE A RATHEM AR CLOS 41 TiE S
2 NEJLT o, AT A7 A5 CLOS A5 .

PEFRATTHIX A L SL B oA R 2R A LRI BRI A1 slot #7540 9. £ CLOS &,
FATH defclass & X, A B4 slot ZHALFI K —FF R A «

(defclass circle ()
(radius center))

XA EEE circle KA R HEH W slot: radius fll center. IATH FHEIFEAI W LLH
1 circle 25H) 5L ;

(make-instance ’circle)

ANSERR  FRATEBA E S circle HY slot HYJT 2, IR ATTEEE FOAEAT S S UR M5 1 15[
FEERT slot, FATTENEE L —"5 0] (accessor) PREL:

(defclass circle ()
((radius :accessor circle-radius)
(center :accessor circle-center)))

AR, R FRATEE ST T — > circle BYSEH, 50T LA setf Rl 2 % W 1 17 (0] 8 £0K 18 © B radius
F center slot:

> (setf (circle-radius (make-instance ’circle)) 2)
2

IR T TEAKEE XL slot, I AFATILAT LALE make-instance B E 58 BUX FAIAA 1L I TAF

(defclass circle ()
((radius :accessor circle-radius :initarg :radius)
(center :accessor circle-center :initarg :center)))

1E slot & SLHVHIPLHY @ initarg KRBT RN 3 N ORAY L2 LT nake-instance 1A — 1 REEFTE
Zo XD R LSWEIS S WA Z slot IIRTIRE :
> (circle-radius (make-instance ’circle

:radius 2
:center ’(0 . 0)))

fEH s initform, FA T AT LAE SL—2E slot, LEETRERIIAGL H 2o shape K H visible

(defclass shape ()
((color  :accessor shape-color :initarg :color)
(visible :accessor shape-visible :initarg :visible
rinitform t)))

IR B E L, ¢

> (shape-visible (make-instance ’shape))
T
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WER—> slot [FIN EA initarg F1 initform, IF 4 Y initarg #F5E K% EZ A MIAL:

> (shape-visible (make-instance ’shape :visible nil))
NIL

slot 2B SLHIFF2RAR TR WR—DEAZNRE A ELWRIGRIXLALE slot HIFF4E.
I, AR FRATHE screen-circle ZE[AI & Xk circle Fll shape B/ 2RHTF25,
(defclass screen-circle (circle shape)
nil)
AR 4 screen-circle & EH G VI slot, FE N A EME P slote HERR|, —MEHA—EEF O HrE—Lt
B slot, screen-circle WL SUMAE THEA 77— D] LASEHIML 9252 BRI 4k H circle fil shapeo
PART AT ELAE circle Ml shape SEARARLE DT [A] R LA initarg 23X screen—circle MY SLf 4k 5:
AR
> (shape-color (make-instance ’screen-circle

:color ’red :radius 3))
RED

WSRAE defclass B4 color f5E—1 initform, FATHL AT LLLE AT A screen—circle ML slot #E 1
BRE(E:

(defclass screen-circle (circle shape)
((color :initform ’purple)))

XHE, screen-circle MY SLFIFEGRATEIL Tl 2R 1 1

> (shape-color (make-instance ’screen-circle))
PURPLE

AHFA T Z ] LB B &1 : color initarg, KRAEIX A slot AR At 2 £

FEFRAT 2 i SR A 15 2 BB T ) X G A AR AE 2 B, SE0 R AT AL A ZE Y slot k7RIS E. £ CLOS
S AL slot BT EANFISEA —HE o FRATTE AR AL BAE S initform R A S E SR 1 4k K (1 24
fHo FEIEMFEE b IXFEALI ARG K24 initform AT LUR— D i, BIE AT LLE — MR
A RME IR
(defclass random-dot ()

((x :accessor dot-x :initform (random 100))
(y :accessor dot-y :initform (random 100))))

£ —1 random-dot L4, EAE x Hl y Fli_ERYALFRESS M 0 B 99 Z A — > BENLEEEL -

> (mapcar #’(lambda (name)
(let ((rd (make-instance ’random-dot)))
(list name (dot-x rd) (dot-y rd))))
>(first second third))
((FIRST 25 8) (SECOND 26 15) (THIRD 75 59))

FEFRATH fT B AR S B L AR B slot A AN 51 : — R4 H 2 B A HY slot, IX T slot S 715L
Bl 2 [ AT LIS 55 —Ff slot W iZAEAE R 26 AR A9 - 4 CLOS 1, FATTHT LA EFELE slot J& 2+ F
89 AR TR, AR LK 2L slot FIMEAEAE D SLp AR AR Ao O TR EIX D RUR , FATTAT LAE slot 7 1]
fil :allocation :class . (%ﬁ/l\iiIJﬁ\ZEll: :allocation :instanceo Kﬂﬂﬂ%ﬁ%@%‘éﬁﬁlﬁﬁ,ﬁt?}t
BAREREAMIEE 7o ) il iR A B kA R A= 35 1 3, AR A FATTAT LALE nocturnal
XA~ slot YEM owl ZEHYILE slot, IR 1EE BIRIIRTE N -
(defclass owl ()

((nocturnal :accessor owl-nocturnal

:initform t
:allocation :class)))
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IAE T A B owl SEFIHERE Y AIX A slot T -

> (owl-nocturnal (make-instance ’owl))
T

IRILANTE SN T iX A slot HY “J#B” 18, AR A FAT L Br _EAB 2B PRAF AR 28 B T A

> (setf (owl-nocturnal (make-instance ’owl)) ’maybe)
MAYBE

> (owl-nocturnal (make-instance ’owl))

MAYBE

TXPPHLA B S 38 B — LB IR, BT LAFRATT AT RE S A BRI A slot B 21 FEFRNTA— slot 1 X
U7 (] BR AL (RIS 2 AR XA slot BUMEE L— TS B )7 ¥ WERFRMIFFELLIXME R 32 HEA AT
5B AFRATT LAZSIX A slot (ALK E—1> reader BREL, A& 4 DI REAY U [F] R AL -
(defclass owl ()
((nocturnal :reader owl-nocturnal

:initform t
:allocation :class)))

IAEIN R 2258 20 owl SEAIF) nocturnal slot BIIE , &= — Mk 1R

> (setf (owl-nocturnal (make-instance ’owl)) nil)
>> Error: The function (SETF OWL-NOCTURNAL) is undefined.

Y

254 FHik

TEFRATHI RIS AR S A B T XA — N AR R A TR E 5 5 B, slot Ry kR 2 A H
FEAIPE B o RSB IS | GRAFFN kR = 5 35 19 J7 ZURIX slot (BN A0 FR T 3% A A A o slot FTTT X
BRAET DB FE UK slot, A&

(defprop area)

8 area VEN— P ERBCEEILRY  IX A R EAF BIHFIR 0] —AME TSI 44558 Sl — 71, W2 i
(defprop area t)

I area SEIL— R, XA BREAESEME L )G , 2 funcall IXME, U KA 2HUELS E .

£ CLOS ", SRS REAY B TTAR SRRIAR A <73, RIS i LUE SUX L7732 iR e N TR L2tz
M XE KA circle KE L 14N area K T7 15

(defmethod area ((c circle))
(* pi (expt (circle-radius c) 2)))
ENTTBERIZHBNRELTR | XN — DS R, S EUY %2 circle RIS
AR L SE I — 4 FRAT MG H— A ek B XA i

> (area (make-instance ’circle :radius 1))
3.14...

FMFERERT LALE Ty 4552 H 2 250

(defmethod move ((c circle) dx dy)
(incf (car (circle-center c)) dx)
(incf (cdr (circle-center c)) dy)
(circle-center c))

WRFANTAE A circle BB AT, circle SLPIHTH L 2H53) (dx.dy) :
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> (move (make-instance ’circle :center (1 . 1)) 2 3)
3 .4

T IR IEE AR T 18] BB B
FHBATTH a1 B ARSI — B, R S B 2 S A 5, AR A XA T 5 & (e UL e
AJTERA o R, U12R unit-circle /& circle M2, WIS HA U N R area Jiik:

(defmethod area ((c unit-circle)) pi)

2B IATAS A unit-circle HISEBIT ] area J7 ik WIS, A5 B T AOAS 2 B8 — M AR 5 3%, T 2
fE_ETHE X areas

MDA LN AEN, EATRIE RN B AR IR, patriotic-scoundrel ZRIE LN T :
(defclass scoundrel nil nil)

(defclass patriot nil nil)
(defclass patriotic-scoundrel (scoundrel patriot) nil)

AN 2 [ BT, Al e TCH, AR AR D EEE . YW A GER R,

(defmethod self-or-country? ((s scoundrel))
’self)

(defmethod self-or-country? ((p patriot))
’country)

scoundrel ZE 7 i S IX FEMEPA T :

> (self-or-country? (make-instance ’patriotic-scoundrel))
SELF

FIHE AT 1L, B LA 615 #01E A e CLOS HH R U3 — 26 Sifp |, CLOS Y iR
MR & £ move JIIARIZEBIZER T, FATHR (¢ circle) N4FIL (specialized) 24, B3R,
R move HISH— I BAUE circle JHT— P SLBIAYE & XA Tr#k. *T CLOS Jiik, Rab— AN A 4T
AT NI IERUA M S EO— A Al AR L 22K

(defmethod combine ((ic ice-cream) (top topping)
&optional (where :here))
(append (list (name ic) ’ice-cream)
(list ’with (name top) ’topping)
(1ist ’in ’a
(case where
(:here ’glass)
(:to-go ’styrofoam))
’dish)))

R combine HIHTM NS L5 ice—creamiﬂ]topping HQEE@WHQﬁﬁ,J:ﬁﬂﬁ§§LEQ73%E%té§%&ﬂ%Fﬁo n
RIATE LU B 8] FLE LAEAL 1 5L 451
(defclass stuff () ((name :accessor name :initarg :name)))

(defclass ice-cream (stuff) nil)
(defclass topping (stuff) nil)

B AFATRARERE SOTFBITIR AT T
> (combine (make-instance ’ice-cream :name ’fig)
(make-instance ’topping :name ’olive)

:here)
(FIG ICE-CREAM WITH OLIVE TOPPING IN A GLASS DISH)

i TR T — LB B2 5 IX I A 7k P A 5 Y i B T FRATHY combine J7 15
BT ice-cream Z5IL /2B T topping ZEWE? FE CLOS H, Arif X G My i B MRS 778, Witk
FRATVE T TE ARV Y B8, K ARSI DL M ol 1 -
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(tell obj ’move 2 3)

I LMRAE A 2], /21X BIATZET I obj B9 move Jiiko (HE— EIRNEFIX T , 11U s £
HISE AR AT -

(move obj 2 3)

AT T EE L move, 1B REMRME M2 — D24 dispatch #21E | RIHE IR EE — 2500 2B H FE A1
Jitio

EH X THEA AR T KT A2 HREIR R 55 — > S 80k 3T dispatch WE? CLOS 1
(B2 RN, A 2 dEARIX RN 2 £E CLOS H, JT L REME f7 (L 2 DA 2 GHEA T4, T HLX IF AN
BT H B E L ZE, Common Lisp XAt —HE AT DL, EL R REE X DR EXN R L. TTHZE— T4
"M combine Eﬁﬁ%,z%ﬁﬁﬁﬂ:?f?$
(defmethod combine ((sl string) (s2 string) &optional int?)

(let ((str (concatenate ’string sl s2)))
(if int? (intern str) str)))

RABUERE T AR R, T HAR R, BATa] DARACA HE SCREM T 7o

> (combine "I am not a " "cook.")
"I am not a cook."

T, S EE XS palindrome PE TR :

(defmethod combine ((sl sequence) (x (eql ’palindrome))
&optional (length :odd))
(concatenate (type-of s1)
s1
(subseq (reverse s1)
(case length (:odd 1) (:even 0)))))

AT A T R R A AT RO 7 A B [ 5 ©

> (combine ’(able was i ere) ’palindrome)
(ABLE WAS I ERE I WAS ABLE)

FNIAE, FATHRAR Y N2 T AR BT T8 1R X0 S Ya B, 6 A 6 58 0 1 & . CLOS it
Iz DRSS R ITERE G, IR E R EAR 7K (dispatch) FIHES:, RGeS 608 J7 ¥ KR
AT DAAUAGE B — D25 T LT 2 S50 268 . Y JRATT3E TR B FH 19 3808 T Bok 19 i
J7 R, D7 R DUBE B R E B 2R T ARAE 1o T EEATAEEH EJE T2, AR H B/ [F 44 07 2%
N K. CLOS HUXFEH—ZH T RN generic 148, AW combine J7 R UHIE L T #4474 combine
i generic PR%K

BATT AR HH defgeneric 74 X generic PR BN A VLEL [T H defgeneric KiE L —
I~ generic PRAL, (H/Z XA E LA — D2 B3R 88 4 —LEAE M AR HE A I 7 FRATTAE T I A
JESCH I RERRIT BT

(defgeneric combine (x y &optional z)
(:method (x y &optional z)
"T can’t combine these arguments.")
(:documentation "Combines things."))

HTIXH A combine & XY JTEIRARAUATATSEL, BT AN R3S 28 77 2 A, 1X 7 Bt & 4
i

So R, 2 CLOS & LI — RFIFAUSRBL A2 IR B2 (1 5 SUF] Common Lisp [ P EEZRAAR 24T B o

SfE—1 Common Lisp SLILF (FMIX N LIEETEIE T), concatenate NEEZ cons VENE I — 1S40, RIXA 7 af FTE
RPN IO R LR,
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> (combine #’expt "chocolate")
"I can’t combine these arguments."

i A X0E BT generic PREL, IX W FH Rt SR 5

generic B AL TN T — /> FRATHE J7 85 24 JO0T G J& 1 I 350 A 1 BRI - 24 i A 1) () 44 77 86 n B —
™ generic J7 I IXUE[R ST E I S EY RN — 3o XA N 2 FRATITA I combine J7E#R I A —
MANESHH R WERLES — 1 E L combine J7 5% = N2 8, B A B TATIE 2 E LS — 1R
AWANZEA TN 2 g

CLOS R AT [Fl 44 77 BB R AR — B89 . D SEFIRBUS — SO0 aTH & BT Ef
FH RO B i 240, RIS AT 240, H HL arest Tl gkey W LB B A . ASFH 7 Pide g H
) R4 F 240 (keyword parameter) F] LAA—HF Rt defgeneric & BHFFELRLE I TA T iz —
FER U/ NE . NIRRT SEIN R W B B
(x) (a)
(x &optional y) (a &optional b)

(x y &rest z) (a b &rest ¢)
(x y &rest z) (a b &key c d)

IR F1 A B ERA— 2L

(x) (a b)

(x &optional y) (a &optional b c)
(x &optional y) (a &rest b)

(x &key x y) (a)

BB E SO AR L SR A e T U R SO REURRE , R T R ME— O R
1] generic function M H ARSI . WIRIKNTE A — MEEMHFAR U SEI T, IR 28 1%
WS BRI FORAI TR . AT, AR A X G A
(defmethod combine ((x string) (y string)

&optional ignore)
(concatenate ’string x " + " y))

A2 FEHTE SIS AR JE string B, combine JiiAHITT M.

(defmacro undefmethod (name &rest args)
(if (consp (car args))
(udm name nil (car args))
(udm name (list (car args)) (cadr args))))

(defun udm (name qual specs)
(let ((classes (mapcar #’(lambda (s)
‘(find-class ’,s))
specs)))
¢ (remove-method (symbol-function °’,name)
(find-method (symbol-function ’,name)
’,qual
(list ,@classes)))))

B 25.12: F TR 5 51 7%

AFER I, AR IRATA A B EHE U7, T2 B MER E , CLOS A — PN EEHY defmethod 1
BAEo JTSERE X2 Lisp, FTLAFRATATLAE 5 — 1. [ 25.12 ' undefmethod iii3% [ T-3hMilR—1
T BARTT . BRI defmethod I —HF  FATAEME FHIX A2 A IHE , S HUE NG, A AR Z 4b
T XN PF AN SHPRVENE A BE B =D SHUE L, DR ES IR AR
XAZE e BT LA AR B 1 string HY combine J73%, M LUXHES
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(undefmethod combine (string string))
BOARHL RSB A TR E N2 ©, BT LA, IR IRNTZ R0 5E LT — 058, T HRX AT EA LIk 28 HZ
XS RL R

(defmethod combine ((fn function) &optional y)
(funcall fn x y))

FATAT LU P EAIEAE e Ak

(undefmethod combine (function t))

IR MR EE Y generic function , AR A FATTRT LU A B3 755 28 ROME IR 19 5 Rk 20X A~ H Y, R
JH fmakunbound:

(fmakunbound ’combine)

255 EBIAEMAS

f£ CLOS HL, %ff Bl o %00 & R FRATTHONS ] R S B — RERIs . BIBLE, RATHR BRI 720715 B
FAT—HFE ] LLH] befores after F1 around J5 1. RI LAt i 75 77 ¥ 19 44 - Ja 18 0 B BRE R4S (qualifying
keyword) , K E X LA B BRAL . (BANFRATH speaker ZE L —>F )51 speak WIF:

(defclass speaker nil nil)

(defmethod speak ((s speak) string)
(format t "~A" string)

AR 2 K speaker HYSEBI ] speak J7i%, it 1T R 2 HETEIHK

> (speak (make-instance ’speaker)

"life is not what it used to be")
life is not what it used to be
NIL

WAEE L—" 48 intellectual 725, 1L BT speak H before 1 after 77 {53 2E#EkK

(defclass intellectual (speaker) nil)

(defmethod speak :before ((i intellectual) string)
(princ "Perhaps "))

(defmethod speak :after ((i intellectual) string)

(princ " in some sense"))

NG, AT RE T — 1 speaker T2, iiX TR EES HOM E&EJG—1 (LLEEE—1) 1

> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps life is not what it used to be in some sense
NIL

TERRUER 7 406 7 S HR, J7 320 A A T3 0 B A1 ARG 8 R S B R R A8 B I A — B9 < BT A5 1Y before 77 1%
MBI T8, SR 5 A B DEBC B £ 7 ¥ #5555 /& after J73% , after 75 i CAC i 5 A4 W H - AL,
RIAME FHGIXFE N AL speaker i X before B after /71,
(defmethod speak :before ((s speaker) string)

(princ "I think "))

XLE T IR AEILGET A PRI AM A -
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> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps I think life is not what it used to be in some sense
NIL

TeIe I AR AT 4 before BX after 7717, generic PR IR [HIELE 2 55 DT L Y == 75 W B, LE A, IR o]
HE L /2 format IR A nile

WA around J7 AR, IX B WL BRSNS o A — DX Z B ARERR A — 2 H A around 7
P ol EER L QAR AT around TR T generic BRELY FELESEL AR 40X around 7 ¥E S B ETSE I
R E HR BIX 27 e 5 S T B THX A around 771 TEFRATTARS T AR SEILHT,—1> around 77
WECE TN RS s T DR EL W R — U5 FRATLARTE LI 444 call-next HYBRAL(E CLOS
HIL i call-next-methodo S FKATH next-p XS I, CLOS H A #FALA— 1~ HY next-method-p MK,
AT around J7 ¥, AT LARE X speaker 75— T2, iXA 72 i & HE —LL

(defclass courtier (speaker) nil)

(defmethod speak :around ((c courtier) string)
(format t "Does the King believe that ~A? " string)
(if (eq (read) ’yes)
(if (next-method-p) (call-next-method))
(format t "Indeed, it is a preposterous idea.~%"))
’bow)

4 speak KIS —NZEUEN courtier LI, X around J7 i A5 EA G TS S VU /A4

> (speak (make-instance ’courtier) "kings will last")
Does the King believe that kings will last? yes

I think kings will last

BOW

> (speak (make-instance ’courtier) "the world is round")
Does the King believe that the world is round? no
Indeed, it is a preposterous idea.

BOW

AT LATERF], 71 before 1 after J7 VAN around J5 1% AR ME /AT generic BRELHYIR MMEIR ] T o
— Ok, 7 R TR A R B A X 2E N AR B 25.2 T AR R ORAY
1. A A, 52 i ICECAY around 777k
2. EMIAIE ARG
(a) FE I before 771 , Mz ICHL 1 2 5z ANUCHEC Y o
(b) fUCHACHYETT 3 (X AAFATLART 2P AT -
(c) IR after J7% , Wi AN DEBCHY 2 B DLACH o
PG TR BT BRI R TR G o TNIRATZ AT B REb—FF  IX B — A ML A B 1 )7 U
G WA ik generic BREUR B Fir A W] H ) 3 J7 PR BHMEZ FH o
FEFRATHIRE 7 B, FATEL I defcomb RKIFEM ST EN T =0e SRAEN N, Ji 2 L B HI )
TR T H AN an R A TG IX S A3
(defcomb price #’+)
WURELE price IX A PRAGR [l fir A7 18 F 2 J7 B U Al o
£ CLOS HUX AN AR T A o ERANTHIRERF B X T7 A A R SUR B GOIXAE—> Lisp
FIB R ZFRIE P — D ICR BN RERT L 25 R AT 1 SRR i A3 A 3207 5 199 T3
PRI f24% B DT RO B A S BIRHT o ARIRATTAE X price WY generic BREL, iEE M + R AR IME, [
B IX price WA IEHAY around 77, I A H price BN RS & FH N T A IE A E SLHY -
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(defun price (&rest args)
(+ (apply (most specific primary method) args)

(apply (most specific primary method) args)))

WA 1E H A around J7ERE, B ATA B & RIS 20, IXFIAR T B0 6 & —FER . TEHAER T EA
4 5L around J5 AT LLE T call-next-method KW A F— D77k AN EX B E T EMAGEH
FH call-next-method [ o (iX— A FIRS A1 A B AN F] 2 Ab  FERS AT AL, AT i E 7735 A cal1-
next M. )

f£ CLOS B, F-ATAT LAXT—> generic BREUE & © A IR TTIEA G280 1445 defgeneric A S
%7 :method-combination A& MR LIX —IHRENT. W N Fr7R:

(defgeneric price (x)
(:method-combination +))

IAEXA price A H + XMUTEAS T . WRBNTE ILFE NI,

(defclass jacket nil nil)
(defclass trousers nil nil)
(defclass suit (jacet trousers) nil)

(defmethod price + ((jk jacket)) 350)
(defmethod price + ((tr trousers)) 200)

AR BATERIE 1 suit SLHIRIMARES TR E ) price I A

> (price (make-instance ’suit))
550

NS EIAE S R DL A defmethod FY S 2L, AN B AL AT LA AE defgeneric [ :method-
combination &I :

+ and append 1list max min nconc or  progn

H define-method-combination, /XAl LLH CE L H BT EHEG T : 2 W curi2, 55 830 Ui,

PR—HE LT — generic BRECEE YT IE LG T30, 02 BT AT X A BRAIOR . B9 7 25 300 s 2L £ AT
PR AT E BT SRR B A TR o R BAT I H B BRAERT (5 :before Ml :after) HIfF price
] defmethod /7 B AVER N 2H il & FHUER R 3T € B price HJTIEALE 7 NATIE, 3
A RE#E fmakunbound HKMEREE N price Y generic PR%L

25,6 CLOS 5 Lisp
CLOS AR AIEF L T — DA X Pt 77 A WK IF4b :

1. AR S WS BT MRS A1 A A GUSR S Al & £, IR A GRS, BATFA
MEELUFORBIARTEAR BER P A

2. RAEE AT LU AR SRR, RO EATRER B N B Al AR 138 = A BB A DI RE

CLOS XM =B i 4 1o ‘B4 Lisp Il KATCEE [N, & RIFHIEH] 1 Lisp ' 2 A BRI
F5L b AT LSS CLOS 7] LA HY Lisp AURIH . s _E BIASE AT, I 2 RER R E RV
s

FATE CLOS Wil sg B SRE L — 22 XA RTI G o 2 FRFAHAE /Y, AT Lk, CLOS
AR —MERE, E B AT [FD R BRI X 5 105l B RE e B B O ] Lisp B4R TP 20 a8 11 Bl Y
=
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IE QAR EE RV AT R Y, BT (R0 R G R ) FH 2 T =X BB A G 0 375 b 7 35 b S B 3T Lisp A4
R, AV LT AT DR RS S UE B — MR IE T o FRATREZ AN 2R 7 MO HE T 1) 0 52 e B A R 4 52
ILAK Lisp XF 4, HEXT G2 10 77 2 SEA R P AL o R IX FpIRIAGE ) FAT145 DA X X LA T AR S8 30 T — N1
AT g I RIZEHEZR S LTURIIR A ~ 7 —1> CLOS HYf& H52 3.

HIR CLOS FAFRATTHY fa] B SLBUAH BL , B R AR 2 ThRe s TR 2 (B R BRI K2 et HAR &
PR — T TIARIES « LA defmethod Nl. BAK crrr2 FA MMM H {22 CLOS 512 55 18)3: 4]
BHIERES o WRFRATAESEA AR F AR PN 8 LA T7
(let ((transactions 0))

(defmethod withdraw ((a account) amt)

(incf transactions)

(decf (balance a) amt))

(defmethod deposit ((a account) amt)

(incf transactions)

(incf (balance a) amt))

(defun transactions ()
transactions))

IR AAEIBATHS AT S G A —E XA i, XL 2 T LAS X2 RN TR RN R R
T, R . WERMEE—F defmethod HYEF =, T LK IR E HURE A B R E RS AR AFAE T H-5
-5|*5- ) lambda FiA=H .

5 7.6 T EERE] BN 22 T T L E B e e A B BEA S, 52 0L, 3EA#F CLOS Ik
TET 1 CLOS A& U Biff £ Lisp AR R I Y.

25.7 {AIRTAXT&

T [0 G B A A LA A S Ao SRR P A AR AN IR L B R 23 o IX LB AT PIFEE 5o
—RE L, A BRI, B L AURE e, A SR T [ SRR A R SR FGE AR EON H AR . 1
73 TR Fe 2 i LA FH T [ 30 G B KRR 4 55, S22 SR IR A BRA AR e Y ] 3 JRe P B A 2

AT JR A B B A T TR0 SR AR R B BRI AL 2 — o RERP ST B [T Y — AT T A2 40l N
AHEBPHRLAE C RIS A 4% Bt LAAR R e A HA N\ R BB O A RE 7 B3 , At REAR 7 B B 5 2K
SHATARER RS o M4 AT B ob ZRILAYRT G BN A B L RURE A7 B 32 O30, FATRT LME K ob 28
[ display Jith. BG2BAIAEEE— D2, XA RATLHS ob MYSLHIAAR—HE, AR LL T THAT 28
5 A ATATAT LA ob YRAE 4728 X2 B, BAMUUE L A TR Z A AR L i, e A i
ARPUHEZ I ob KB IR WERIKANTVRIELER 1 ob MR AT HHIHEE ob MR A LA —IE,
FLARIURTEE — 1 ob MR, ARG ERMBUOX AT R B i BHE B RE 7 [FOR AR, AR A AT
R LMESE B EIRAFEUY [FI £ A AR P AP L e AR — R e I AJEE SRR, LATET [ X 5 Y
JARE R 7 s A SR BB B A FATTHRS  FATA AT LA 22 2 g R e o

YT RPEARE, E A [0 G KR B A AR PR f . SEBr b, 0 T 2Ty etk AR B
BT LA SR, i LA, — DR TR IR e 58 4 T LA IR [F) 0 G (9 0 G RS0 A A P L= 1 B 7 A1
STEPRAGG AR Lisp FEFPE Al LUN IS o0 lel— M. Lisp 25t T2 RIVAVSEIY RIER T 5.
At PR AT LASERR PP S B — et - B> e AR A A R B A A R RE 7 o

BRI AR EE A ATy B AR 2 VR AT AN A AE T )X 5 R “fe 4™ B aC g e i a8 HUH —
AR AT DAAS T 1610 5 BRI — > Lisp F2)7 € i ZH A Rtk A2 oAb BT 2R
Y slot & —Fhaxfmad . FEAR LLHE ST, JE ] 4 A i, ATHE XA LA G,
RXFE T A LA FAL, JSRAR A AT LA JRUAA B9 Lisp MU HA ST AIRE T , i 225 i — HESSMISL ], XA Ak
VR AR Z Yo 471 CLOS, Common Lisp EL488A 14 12 (8 ] B 3 K A ThT TR0 X 53 5 o BLAT IR
RIRAYZ , X Common Lisp A5, I A A G 4 /2 B i JC /2 A2 EE YA
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Bff 3%: € (packages)

£ (packages) , /& Common Lisp fOARGHZL T B Lisp 15 A 9K 53%, Bl oblist' .
EIXSRF I T RE P A D& E 5550 158 oblist B HIFF5- 3R, REe15 LAFIEURE , & Woxt
GHIE, LB SRS o BEORAEAE oblist BLAIFFSHEFRA interned.

eIt Y Lisp /7 5 1 oblist FUME& S T — e i IWAE, 55 AMULSLEY intern T, 24 intern
AR . A2 fr DA RASEAL 2R E— A B 1Y intern BAF5 U 76 HA B 2R B A REMEH © A0
VIR B, B A RE S AN TT ) (BRARF] —L82E [ TR E R HEED) o

L —Fh Lisp X MR IR — DA *packagex* B4 mA e Bl 24 Common Lisp
JA B SR A 5B Y user (curel SEHL), 50 1Y common-1isp-user (crrr2 SEHE).

A — A B ATH 44 A 5L DX TR L8 424 5% FH B2 A4 R T e EEAE Y AT i) B 44, AT LA
v
> (package-name *packagex*)

"COMMON-LISP-USER"

W, ARSI, B intern B4 BTHIAIE 1o ZE5RIELERF ST intern HYZWR 2, 3041
" LA symbol-package:

> (symbol-package ’foo)
#<Package "COMMON-LISP-USER" 4CD15E>

AR EMER LR A G N T NIEZEAME , FAT248 foo M—MH:

> (setq foo 99)
99

i in-package , FA T T LAV 2] 55— 00 A0, SR 75 B35 X S S 0 H k2
> (in-package ’mine :use ’common-lisp)
#<Package "MINE" 63390E>
R L2 R 2 M YE S B 79 50 5 R, R RN B2 B 4L 55— MU S AR X B foo EZAMUUMAT T

MINE> foo
>>Error: FOO has no global value.

I A IX R RN BRI B 99 HIABAS foo FHELAE mine BIAIAYIX A foo EPIALER . SEEMH F
B2 NG| A EARATXA foo, FATLAHEAL AT A~ B SVE N E RIRTER -

MINE> common-lisp-user::foo
99

i, EAMRFT AR R 515 AEA R AL 2L 17 ﬁﬁéfjﬂﬂU\E@ﬁ common-lisp-user
E@f@ﬂgzi**4\foo,ﬁﬂﬁﬁfEminefﬁﬁﬂﬂl¥§**4\foo,;?fiﬁzﬁ]ﬁﬁﬁ\ﬁ%zifgiif?5§o gz&ﬁft,iiﬁtﬁ%package
(53 R RITAE , BRIV R AE AR ) BR KON A B B Y TR s RO A — R S FAE H B AR
P b B, A EANIEI, B 5 2 Bt EAMHE TR .

LRI At Rt 17— R BRI T-Bre RFERR AR, E AL E 2% ok 5 | A [ ) B AR A o
ERARALL — D B FAENR I L SNAT TR 3, A8 2 55— L e i AR At T 12 1 Bl 18 50X > 44 7 i s | A
AIXF AR o

Y TE : GNU Emacs 1 XEmacs 8 F )2 —9K 444 obarray WG i35 o
ER MY Common Lisp SEM T, IE B use 24
*A 1] Common Lisp SEHAAE toplevel 27~ M T L R G £ 70 IXAMRPEAR A (E B LB O 3T

265
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FEGRE Y BELRY 22 54l BB S ORI & MF ST 1B PREDE XA MAYIE, mtE s 1
BRAL BT BRI, X IE AR AL AR . RIS A E 5K 5 1 — 5 X ROZ 2 A A
RAMATEIREIHE.

R, R IARZ S A BRLERE export T HIRFZ o 1455 NE AT B AT export Hidk, FATHLAELLIX A
FFEXTHEWARAT M. ZRH— M5 AT L (IREECLMHE 1) export:

MINE> (in-package °’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (export ’bar)

T

> (setq bar 5)
5

WAE G0 SR E 2] T mine &, AR 2RI LA — 5551 H var, KX A& 72 SN A] IAY -

> (in-package mine)
#<Package "MINE" 63390E>
MINE> common-lisp-user:bar
5

WA bar import ¥ mine BT, FATHREE 25 il mine BEA user I bar IXMF5

MINE> (import ’common-lisp-user:bar)
T

MINE> bar

5

FEFA bar ZJa, FA 1A MR A AIMEAT LR BROERF , L RES B T BUE, XMk = 1 R — M FF
F— A mine:bar T o

H—B&A T —1T2EAFERE? XML T, inport WM 2 SEC— 851, A& F i &A1
4 import foo I RLHTHH R —1F

MINE> (import ’common-lisp-user::foo)
>>Error: FOO is already present in MINE.

Z T, FATFE mine HXT foo BEAT 17— A I ISR AR, ;X UGRABN #5115 — 440 foo HIFF 54
AT mineo HITRX M-S ERFNERNIEBCAE, R =4 7 — MR, EE AR5 2 PR EE R
HZ M E R intern BE 7T IX M. FTLL, M IATEAELUE foo 5172 mine HIFTE, mine BT ELA — T HHF
BT

W LE— AR (use) 75—, FATREERL LRSI AL 5

MINE> (use-package ’common-lisp-user)
T

X, A user package 5| HUFF 55t 2 H 24 5] %) mine HLIH 2 1o (%2 user package 45| 1
7 foo HITE, X ERECH A& HH— 1. )

MR crre2, B8 A BV ERF AT AR 52 44 F B PR N common-1isp IMANAE 1isp, BT —LE ) o fEHk
AT O 1isp 7. HTRATEIT M in-package G2 [ mine, MAEX I H L use T
XL B AR Common Lisp B 44 FAE mine AR T WLHY -

MINE> #’cons
#<Compiled-Function CONS 462A3E>

TESLBR AR RS AT E Brdm S )B4 H common-1isp (B HALFE A5 Lisp BAEFFHIE). &
MR 28 I B XA B e 4
SEETE RV OOE A N cons, FMEEENT 2  RtUASRER] in-package VI HE A,




26.0 & (packages) 267

— R UL, 7RG 1 S5 ARG T AR 2 GINA X R TUZ AT A R 3R . S 2 AR X e TRy
PRI S S RSO 18R, LB in-package Fil defpackage JETE IR SO FFLt AT LA T o
(defpackage 7t curL2 BTG | HEAY (B2 A BB R SEBI AR T8 ) WERIRER'S — Ml e, T
T A T 4R P RE S TR R ST fe T A b 7 A9 ARG -

(in-package ’my-application :use ’common-lisp)
(defpackage my-application
(:use common-lisp my-utilities)
(:nicknames app)
(:export win lose draw))

XSS IZ S BT A BN B S e, SO BT 447 BRI T my-application X/,
my-application [EHE T common-1lisp i my-utilities, DAL, AN B4 VE R 2, Fr A 45|
Y RF ST A B R

my-application AE NG| H T =455, N1 52 :winlose fll draw. HI T7EVHMH in-package
H"]Hﬂ%,ﬁﬂ‘]gﬁ\ my-application By —A s app,EﬁE@EﬁH’Mﬁﬁ%ﬂuﬁﬁﬁéw\ app:win H 25k
5| X L4545

GO AR AL A SR B R AT EREARXN R, A LT N E
M common-1isp HIELHFSIA T cons X4, HIAAET common-1isp & /' — MIIXA & FHIKEL. H
i, XA R T cons HIAZ AR MEH common-1isp HIFET AT W IXFEHIFIFRIFEAL L
{E Common Lisp ) HAth A4 F 23 A . WIREL (package) IX PMALHILEVR K, I8 40X & — P B R i
— AR TR EEET 47

AR AR E S A AR AR (read-time) , MARIZATHY o IXFIRESSIE K —LEHH. FRATHARIEE —
PRBA:

(symbol-package ’foo)

Z P AL iR (A1 E IR B AIRAME A BN i B A& 1435 6 89 Bl i, B shAk A R T o N TR D ERIA,
Lisp WASEEANE  IX KA 2L intern foo.

BRI, BRSNSk A S 45 R X Sk e i B
MINE> (in-package ’common-lisp-user)

#<Package "COMMON-LISP-USER" 4CD15E>
> (export ’bar)

AR, AR TS A A FB A RORSF O T X ik B AE — 1> progn BT, A X A LA
Ao APRFATXFED
MINE> (progn (in-package °’common-lisp-user)

(export ’bar))
>>Error: MINE::BAR is not accessible in COMMON-LISP-USER.

TATM 15BN R IR SR A EET progn KIZ XA KB AT C AW read LbFIT T 4
P4 read EHL, 2 HiT AL IA A mine, Al bar BN N A mine:baro JBFTIX A FIA X W RCR L UG F AR
%L export mine:bar, M/A/&M user 15 common-1isp-user:baro

package HUNIRE S, (6759 5 ARLEAEAT 5 L VR R AU RE e BN — BERRIBT o 28011 BORFRATME T
HARFEE L noise:
(in-package ’other :use ’common-lisp)
(defpackage other

(:use common-lisp)
(:export noise))

(defun noise (animal)
(case animal
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(dog ’woof)
(cat ’meow)
(pig ’oink)))

RIS, RIS Sh— I noise, FIRFLEL I ZHUEAME LIS  noise 2EE] case TH
AIAARRE, I HARE nil:

OTHER> (in-package ’common-lisp-user)

#<Package "COMMON-LISP-USER" 4CD15E>

> (other:noise ’pig)
NIL

X R BRA UG 24U common-1isp-user: pig (X AEREILIR) ,FR1 case 57 key /& other: pigo
M7 ik noise QIFFARAYARKE LA, FATAGE B I 2 B A 73 A7 5485 | Hik  BAEFR AT noise Y
HEETIAEA].

FEIX A7 FL AT, FRAT T AT LAGE ek FH S SR AN 2 IR A5 R S8 iX N AR 45 noise BT
TR RE L
(defun noise (animal)

(case animal

(:dog :woof)

(:cat :meow)

(:pig :o0ink)))

i, BA T REMMETRE — ML M X R T

OTHER> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (other:noise :pig)

:0INK

KT G 7 SE T H H S RE RN E. SIIARAERE A Z R Wy, 1 H eI TR B
51 H e 1E44E 2L defanaph (153 1) FIFFS-SX BN A sRALIN B bR 17 502 G724

HEHARZHITLE AN ZA . X XX — WA N AR VK IL— . EHTETA T, 152
% crri2,%f 11 Fo
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AAT RS2SR I SR A AR A SCRB B A1

i Foderaro, John K. Introduction to the Special Lisp Section. CACM 34, 9 (September 1991), p. 27.

i FRZH) Prolog SLBLA 94 F7AURS . EMIH TR HHTTH R TTHY 90 FTHISEHI T H o arn Sidi m

73347, X SE 217 470 1T Lisp MR AT RIS BCA PRI ROR I X G AT ROR
i Lisp B RS 2 AR 2 AW 22 o

iii Steele, Guy L., Jr. Common Lisp: the Language, 2nd Edition. Digital Press, Bedford (MA), 1990.

3 Brooks, Frederick P. The Mythical Man-Month. Addison-Wesley, Reading (MA), 1975, p. 16.

12 Abelson, Harold, and Gerald Jay Sussman, with Julie Sussman. Structure and Interpretation of Computer

Programs. MIT Press, Cambridge, 1985.

14 BHERIBIE , A TR TCTE AU — > A-FRIEAGE SR TRy . A, I A INES — i

BB E ORI — PSRN BET A i I R 4K

(setq fact
#’ (lambda (f n)
(if (=n 0)
1
(* n (funcall £ f (- n 1))))))

NG, PR A BREUL 25 75— D eR L, Je o8 &R 1Bl — S PR A, 76 P60 B o B A A R 501 2 1
BEHD:
(defun recurser (fn)

#’ (lambda (&rest args)
(apply fn fn args)))

{8 fact 1£45 recurser BLEAS 2] — 50 1 [ ek 54

> (funcall (recurser fact) 8)
40320

XA R T LA B RIS

((lambda (f) #’(lambda (n) (funcall f f n)))
#’ (lambda (f n)
(if (=n 0)
1
(* n (funcall £ £ (- n 1))))))

2% Common Lisp 7 & 5515 iR 1abel 5 alambda i, &7 HRZ .

16 Gabriel, Richard P. Performance and Standardization. Proceedings of the First International Workshop

on Lisp Evolution and Standardization, 1988, p. 60. 1= SLELH 18 ik triangle, Gabriel A&
W “RIMEZE C dmikas iR T sh a7 fidn 0 Boe o, Lisp AU IR AR HIZ BB C 155 k4R
WA B Y 17% 0 A A8 SO IR 12 21 HoAth U Bl BE AR T X 1Y) C 3B 5 A, Hovh
— I EIPERE R HE 42%.
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16

18

20

28

29

32

AR A B4 PRI T 9T 4 SR A9 3%, W] LAR ] compall:

(defun compall ()
(do-symbols (s)
(when (fboundp s)
(unless (compiled-function-p (symbol-function s))
(print s)
(compile s)))))

XA BRI R AT B R B

YRAT LA (disassemble ’foo) KAGE inline 77 WG AR, XM < s H R foo
FRIE Y object codeo X [R] -t 2450 B8 38 VLA A2 A5 58 i) — 1 i

AW nreverse MG R U1 N ARFEE LAY -

(defun our-nreverse (1lst)
(if (null (cdr 1lst))
1st
(progl (nr2 1lst)
(setf (cdr 1st) nil))))

(defun nr2 (1st)
(let ((c (cdr 1st)))
(progl (if (null (cdr c))
c
(nr2 c))
(setf (cdr c) 1st))))

DEF5 BB ARG 18] 7 29RO B 7, (H R R B SR/ MR R IR A 2 7 — R P2
FEEFHANG T, VR RERE e ) A B 5 2 O A A

R HSFNTE - HEREX N RIS A KR, Wt 2 A 528 i LA I 28 2 0N Y
T T EL IS I R J5 2 S i TR AR i o BT LT AR H C B & TR MK, A
Hois B ENR . TR SURDEAEH /NS e 5 2 MO B, T B KB S s e Y A AR

KB ARE P RELE N LR A A i KT o 1545 B okl — IS s il AT, 1M Lisp 4]
RELEARITRE e b A i OB SR G A2 7 ~F 2 i) T L, IR REAR 2 ARSI | 0 7T REAEAUE S
L

RFEHIFARZRATAAMN BB GAFBERYT . SRR B A A T,
DB E S 17 B, (2RO Al S M oA i B . SRS ZOR A B R AL R
FETRIAHY T AR I SO Gk ak 2 H Y o

AT WERARBE A RN M BoRae R SRy, IR 2 20w . 1EARAIAR
W2/ NE FSE R — KN, — R S LL AR B R T

Steele, Guy L., Jr. Debunking the “Expensive Procedure Call” Myth or, Procedural Call Implementa-
tions Considered Harmful or, LAMBDA: The Ultimate GoTo. Proceedings of the National Conference
of the ACM, 1977, p. 157.

(U225 NI HE T 5B 4.2 FHE 4.3 Hout 07 eR £ 8] B A S X S0 seBIERAH 418 (20
1 10%):

(defun filter (fn 1lst)
(delete nil (mapcar fn 1st)))

(defun filter (fn 1lst)
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(mapcan #’(lambda (x)
(let ((val (funcall fn x)))
(if val (list val))))
1st))

(defun group (source n)
(if (endp source)
nil
(let ((rest (nthcdr n source)))
(cons (if (consp rest) (subseq source 0 n) source)
(group rest n)))))

(defun flatten (x)
(mapcan #’ (lambda (x)
(if (atom x) (mklist x) (flatten x)))
x))

(defun prune (test tree)
(if (atom tree)
tree
(mapcar #’(lambda (x)
(prune test x))
(remove-if #’(lambda (y)
(and (atom y)
(funcall test y)))
tree))))

32 WIRAGIXFESLEN £ind2 FEETT dotted list H AR UGS | 2377 A — MR -

> (f£find2 #’o0ddp ’(2 . 3))
>>Error: 3 is not a list.

Crri2 (p. 31) $2 2], W1 2R pR EUH BB A& 51 56 L 25 B — 1> dotted list, 1% 1 5O A2 45 3% 1Y
Common Lisp SEHLA L5 2 Aa X Fhdm e it i, BT DAUA RURE L6, A IR T o A eR AR
Z 7% (sequence) , X MHUE M & BASALEIEATE . FA dotted list 4&—1> cons, 11 cons #& 7
Fllo FrLA, QN RS TESY e I, WA 12 ER

(find-if #’0ddp ’(2 . 3))

RIE nil, AR . AN find-if IZEVIZE N FH .

B LI XA FRIB A AR E . AWIEESWAE, A28 E nil. AT,
A2 58 5 5 R 2ok FE AR B 2 00 R AF B9 SE Bt S0 AT | e, BT & 0A
M (concatenate ’cons ’(a . b) ’(c . d)) HIZEHEZE (a ¢ . d),ﬁﬁﬂE(a c)o

AT, L2 HIFR IS A T H B ER 2 1IE R (proper) M %3, FRACHFAI M SEH TH
HBREXT T dotted listo ANidh , NS — R E% AR A I E REALEE dotted list, REG LA E , AP
T BRI

44 i BATHIEEE D REI S B, BURES tH— 1 compose, il f o g BLIH, g IBFIFYZAEN f
POSVAISE TS ZE(HILZ[F,Xﬁiié;**ﬁ\%ﬁgﬁiﬁﬂqfunction-lambda—expression,ﬁﬁii@g%%ﬂj
WY A2k AT LA R B g RS . Al E L RTRER 8] nad , JX PRI LT R A A AE N
R L. FATEIEREAE R, EREMEA R RIS EUS 2% R A 2 A3

49 il rfind-if DT, AT LI E LB

(defun rfind-if (fn tree)
(if (funcall fn tree)
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63

71

76

tree
(if (atom tree)
nil
(or (rfind-if fn (car tree))
(and (cdr tree) (rfind-if fn (cdr tree)))))))

BNHVE A RS H R Y TR R8I

> (rfind-if (fint #’atom #’oddp) ’(2 (3 4) 5))

3

> (rfind-if (fint #’listp #’cddr) ’(a (b c d e)))

(B CDE)

McCarthy, John, Paul W. Abrahams, Daniel J. Edwards, Timothy P. Hart, and Michael I. Levin. Lisp

1.5 Programmer’s Manual, 2nd Edition. MIT Press, Cambridge, 1965, pp. 70-71.

55 8.1 WHRR , AFHRAERF RS 2, BRI R AR R M P ARE SO FHRAEAT B35 , R AE R
REMIZ . HARZZRESEINAY TAE, special form #FREMEAT . (H2FATAITCIE E SUFTHY special form.

special form Z It LA#FK A special form , /& R4 B SRAB I A2 4% 4 VERFIRIG L AL FR YT (MR A%
HORATLE eval HE— KR cond ik :

(defun eval (expr env)
(cond ...
((eq (car expr) ’quote) (cadr expr))

(t (apply (symbol-function (car expr))
(mapcar #’(lambda (x)
(eval x env))
(cdr expr))))))

BTGB ATTE A AL I T 48 K 2R IA R X IR A B S5 car HLIBCH AR 1R AT R 48, S8 05
EXF edr BATE RISHCRAE, SR H0RTE T 5 85 R A R e ] oS8T, WA ik
HIFEF LT (quote x), IR A BRI BTy AU REAR S HIX T T ¥ 7o JRIAET, 51
RS EETIL N SE e TRME. K, eval MAUE—MBA], L1 IXTIXF 5] HERIE
Ho FFEIES VIR T special form 4R ERMB IE5 o XTI GCRALATT D1 (H2 Bk /D Bk
If. Crri2 7E55 73 D15 H T Common Lisp BT A 1 special formo

T TEIDN eval ARERE 158 28 AN 6% R, L JCIRLAE T 8 0TS R B85E T 0 20K (B T /£ Common
Lisp B, iIX W ERAE AU 2 A SR A ME K. AT fi# Scheme ' eval AL SE, 7] LAZ:
% Abelson and Sussman, p. 299

AR, IR S — A S T HRERER B A T & B S iR & I8 2 e A 2 &3 H
AR SEH T H R 200G PR — e AT A LB R B0 g s R e
A REL I Lisp HISRAEMMN . 7E Common Lisp H., SRAEFLN X AL AE 19 - A= A E Y 3
BITHNT , car BARERE KA, T cdr THEE T 2RI FR, S8 R SRAA KT & W 2
SRR S BREUY T 285 s 2 a5 R VE A FEE R ME. BT R8Ol A#EGEIREX
FU) By LA £ind2 AN LR £ind-books B IRIME (55 28 T1).

SR, RAEARZ I DU N FEANESY Lisp BUIXASRIEMVE . (B A 2585 W30, VRl 240l B %
FIREORIELE . ) I _ Bk B AR HE ST E A SRy B RAEHUN, T reader H A FEIEH
TRWELZ IR, A RERIEXEMNE B AR BITEZ, ~NENFAERNEARL,
FEALHET BT E RIS & 19 2 A A i A R T H B B ARG
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84 FIHHHHZ LA for —FE, & 9.2 HE SLHY for,XJ do FA A Y initform ﬂﬁ%fﬁﬁﬁ"”ﬁi&,
RIIXA initform & M /eI SRAER), TR IX DR for HIE LA ZIEMT.  Crre2 (p. 165)
PEBTX D ULIERT stepform A7, (HAZXT initform Z1H F AR o
I A [ B — R AR R 2 A AR AT o — Bk, a0 A A A7 1% A 1R E
curL WiZ SR s ok By 1 H, A A do BY initform BY SR AE I B 2 T K.
N let HIRAEZ M LRI, 1 do H CLHY stepform FYSRABMIUF 2 —HEH o

85 Common Lisp ] gentemp ! gensym Z A2 , HAE Z AL7E T, A4 £ intern & 4E A5 5o
T gensym —HF, gentemp £ENFRAES G — T4k, 1IX A (LA print name AIT 52 H]
Flo R gentemp TEA R MFF5 WM 24 BTHY package LOAA TIX M5, Bt &gt
K RE K

> (gentemp)
T1

> (setq t2 1)
1

> (gentemp)
T3

7

A B RAIE TR O AR5 20— TC . JRTT, AT LAEIL, gentemp AE MUY 582 TCE
TR TATIR. X gentemp A REI B AL LIRS /2IZ S N LR BA BT B2 ET
LWL LA A5 5 BESR gensyms REAR 74t 56 i TAF 117 HL48 K 2 KU o2 24 Y,
%B/A\j]ﬁ“ﬁﬂ‘,g)ﬂ gentemp W, 2 i%i,ﬂﬁ?gﬁgﬁﬂﬁ%,gentemp ﬂﬁ—ﬁﬁﬁcﬁ?ﬁ%fi?iﬁ%—?
SIS HE, 2 R PRI ARG R T XA T LB T .

87 T Scheme ik, T BRI BRLGE— R4 725 0], AL 44 Pt ity ok H 2 YRR R
2, Scheme FRIE—FEL A Z20E SUT M2 H— A IERCIIUE , 3 IR — EFFZEE] 1991 54
HFTM . 4H7T, Scheme FEMLHY LA 7 (hygienic macro) Fl defmacro 2 [AJHI X HIHH Y Ko AR
PRI, IO AR TR R A9 225 SCHR , ) DL 5cHT Y Scheme report®s

91 Miller, Molly M., and Eric Benson. Lisp Style and Design. Digital Press, Bedford (MA), 1990, p. 86.

107 WHRAE mvpsetq, SUBGE X values WIS HRAE ] GBS L EARG BRI LE . XAE A2

(mvpsetq (w x) (values y z) ...)
AT
(psetf (values w x) (values y z) ...)

WRAET values B, A4 multiple-value-setq AT LAVEIK T o ANk, B A&, T Com-
mon Lisp B[ A REE , ToHEE SUXFERYAE. get-setf-method ANAIAEIR [A—>LA_EHY store
variable , Kl AT DAFEE RN, 5k & get-setf-method Eﬁ/ﬂﬁj‘iﬁllﬁ/‘]iﬁ,psetf Y T R A A 2 FHE
AR RO X R L o

123 setf AZGRATHIH P —F3, gl @A 1925 B8 50 A M & A THE DA R E PR A A2 15 5 i
A2, e, setf AIREARAME HIRIETTHT assertion ZRR M 222 —
ZEFIRYE, IR EEA T2 insist, B A RES AT RATA b B. €2 MR IA X AIBAFEGOX L
(predicate . arguments) , MARFEGEXIEANE, Z S E RN E . setf DIHE
AT 5 B HRAE  [FRERYTE R X 28— P FE AT Rk A A i . — MRAF O
T, XA T RE < 2R T Prologe.

SPEHTE 324N IE BT Scheme report 24 R6Rso
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137 Gelernter, David H., and Suresh Jagannathan. Programming Linguistics. MIT Press, Cambridge, 1990,
p. 305.

137 Norvig, Peter. Paradigms of Artificial Intelligence Programming: Case Studies in Common Lisp. Morgan
Kaufmann, San Mateo (CA), 1992, p. 856.

147 XNl least-negative-normalized-double—float M H tHAlE = M5 & F K EAE Com-
mon Lisp HHE# TR — 218 38 N FF e BRI B ERF & get-setf-method-multiple-
value, 23t 30 DFERF. NHAIFRIBA SR DR, 713 B Y §a g v AR 544 1
NSk A R

(let ((syms nil))
(do-symbols (s)
(push s syms))
(sort syms
#’ (lambda (x y)
(> (length (symbol-name x))
(length (symbol-name y))))))

150 BRYE crri2, 75 IT R AE SUIMR I AL defmacro FIk=UH LA T o IXFE AT, FRATHE
A LAY propmacro i A5 HE & :

(defmacro propmacro (propname)
¢ (defmacro ,propname (obj)
‘(get ,obj ’,propname)))

it cure2 IFA S, R B AL 4 propname HY form A& AN & TR BRI A — 3043, Horpr 1R
PRI A& AT defmacro A Al 7o MRIEHL WSR2 H (propmacro color) i I color,
AL EREN T

(let ((propname ’color))
(defmacro color (obj)
‘(get ,obj ’,propname)))

B2

(let ((propname ’color))
(defmacro color (obj)
(1ist ’get obj (list ’quote propname))))

A, ZF LA curee LI R AR HT ALY propname Toik IEH TAE. 7E crrul HAINIA
N7 B R PR AR AR — D 2 A TR PR B8 SR T LA, N T B K AT RS R AN i) | 75 8
SN 37 3 G 5 FH AN B

164 AR, 2402 match BRI —Fh & —I2 %5 (unification) ®o (HIX Rt A RIRER. L
i, match ] LA (£ ?x) Fll 7x PEECESR (H2 WA FRIAXEATE—.

WER TG — HEA04A , 7] : Nilsson, Nils J. Problem-Solving Methods in Artificial Intelligence’.
McGraw-Hill, New York, 1971, pp. 175-178.

SHEETE & — 2R SRR T AL, WIS E R R, Sl N2 GEFOIAY) A Y B AR
J57 AR (B R ), 4 A AR IR Y DR S R AT LA , N TTHB LA Al & il ISErR f Rl AT LA, &2 i)™ RIS T ALt
Eo

TP IR A 25 Nilsson, Nils J. Artificial Intelligence: A New Synthesis. Morgan Kaufmann, 1998, pp. 253-255.
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168

168

176

179

184

FEA R — E ARG E B 5 gensym R E IR (EIBTTI A gensym? AN ME—HYIERE
Kl 18.7 Al 18.8 H RIT A= i AR AL AT LURAE S | LERR P iC AR LE 40 E A © &4 il 1 Y22
o i, AR EXAESLHL Y, AR AT AR T S A AEIE 4 A FE B S (8] — T - RIS FEAE 8 JH 1R
(] PTG A 1S R TE RS T2 A8 T 2 2 g P e R AR

1E if-match VEECHES R SO0 7x BYAF-5 A0SR A DU BT AR 1 IXFH Let FRETEAI 1 car $RIATHY
FFa g l—1. BRI, V8 Lisp A2t nl DU AEDLRCAR X B B & Sh A 1f) I DL L AR i AN 7o
JERR  BARRAT LA — R4 5 (2 EREE DA IR EREMNYIERE 1
TCFE AR —TER, N RS2 O S 55 1Y -

(if-match (?x . ?restl) 1lstil

(if-match (?x . 7rest2) 1lst2
7x))

TEAGI T B A 2x RAFIAE . W1IR 1st1 Al 1st2 #E DA —IEE, b4 LHAIREAS
SRR 1512 H caro
SR, B IRAT LAFE if-match ARG DEECHECR BRI (B0Ar 7 3 /Y) Lisp A8 dt, BT LA 1 A ARG H]
PAAF 2 VR I B A RSCR -
(if-match (?x . ?Prestl) 1stil
(Qet ((x 7x))
(if-match (x . 7rest2) 1lst2
7x)))
T A R A R A ke ) A 325 ) R T 26 19 TSR 24 % HLE LAY with-answer Ml with-
inference 7o
“ARGEE” BRSO R 2 nid, J7 — 3 XA BT AN 2, AR AT A X 28 T g A 1 0 5 2 4[]
i) gensym b, 3l /2: 56 (defconstant unbound (gensym)), i with-answer HLH]
“(,v (binding ’,v ,binds)))
e
“(,v (aif2 (binding ’,v ,binds) it unbound))
Scheme Hi Guy L. Steele Jr. 7l Gerald J. Sussman { 1975 4F & M. %155 HE LM 42 : Clinger,

William, 1 Jonathan A. Rees (S fth A\ %i#H). Revised* Report on the Algorithmic Language Scheme.
1991.

Xyt LLR 5P Scheme SEEAEA A5 2 I, 7] B [ 4% pTp 7F altdorf.ai.mit.edu:pub
#HE.

TNHECAES 16 F AR RRIEOR AN 1, B =defun E LY defmacro MRATA MK :

(defmacro fun (x)
¢ (=fun *cont* ,x))

(defmacro fun (%)
(let ((fn ’=fun))
“(,fn *cont* ,x)))

‘(defmacro ,name ,parms
(let ((fn °’,f))
“(,fn *cont* ,,Oparms)))

‘(defmacro ,name ,parms
“(,”,f *cont* ,,Q@parms))
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185

188

189

203

203

207

210

U SRARA 2AE toplevel A H 2 HIRIMERYIE , 7T LABUSOX D :

(setq *cont*
#’ (lambda (&rest args)
(if (cdr args) args (car args))))

XA T 5 — M7, B € H : Wand, Mitchell. Continuation-Based Program Transformation
Strategies. JACM 27, 1 (January 1980), pp. 166.

TEIX A BA — 1 REH Scheme AL 425 continuation-passing style HF% )7 : Steele, Guy L., Jr.
LAMBDA: The Ultimate Declarative. MIT Artificial Intelligence Memo 379, November 1976, pp. 30-38.

NI choose Fl fail SLIAE T B o . T 4 Scheme I — #1775, B2 4t I push
F1 pop 44, T H LA ETE toplevel 191 F SCHE I TE L

(define *paths* ())
(define failsym ’@)

(define (choose choices)
(if (null? choices)
(fail)
(call-with-current-continuation
(lambda (cc)
(push *paths*
(lambda () (cc (choose (cdr choices)))))

(car choices)))))

(call-with-current-continuation
(lambda (cc)
(define (fail)
(if (null? *pathsx*)
(cc failsym)
((pop *paths*))))))

BT 1B S B BRI, ] 27 : Rees, Jonathan A., Norman I. Adams, and James R. Meehan. The T
Manual, 5th Edition. Yale University Computer Science Department, New Haven, 1988.

TIEFE 2% T, DO T B S AR S AEAR TR, 7T & E 44 pre 1F hing. 1cs.mit.edu:pub/
3.1 MEE

Floyd, Robert W. Nondeterministic Algorithms. JACM 14, 4 (October 1967), pp. 636-644.

55 20 B XE LI continuation-passing 7 HH ARG 218 IH IR FH RIS . AR BA X FCAL, , X 4 7
XTSI PRI RE N 1 T o BEIN  FE AR AT ENZ I £ 50 R R i s ol T, J LT
BT ENA LI N AFRE 8 24 25 HLSZHLAY Prolog 1217 zebra benchmarko (%75 : /71 Lisp
FERE /S AL R A, 22 35t )

T 52 G G RIS 72 R L— MR SE I IE W choose /2522771 TH &1 T 15
EEES)E

(define *paths* ())

(define failsym ’@)

(define *choice-pts* (make-symbol-table))

(define-syntax (true-choose choices)
‘(choose-fn ,choices ’,(generate-symbol t)))

(define (choose-fn choices tag)
(if (null? choices)
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213

218

(fail)
(call-with-current-continuation
(lambda (cc)
(push *paths*
(lambda () (cc (choose-fn (cdr choices)
tag))))
(if (mem equal? (car choices)
(table-entry *choice-pts* tag))
(fail)
(car (push (table-entry *choice-pts* tag)
(car choices))))))))

Eﬁ/l\ﬁﬁzlgﬂﬁ,true-choose T — 1% (T EEM define-syntax F defmacro fE*ﬁ{U\,/ﬂ\
AL T FARTAEZBIN R car o ) X725 BT UM choose-fn H)—XK I H |, choose-
fn 518 22.4 HHE ARG choose ZEA L, IXHIFET HIE 73 IMERZ — 1> tag ZHLAX 5]
HEFE e 55— true-choose HYIR[MMEHHL AR AFAE 4 SR HIIE 77 5K *#choice-ptsx H1o MR
A true-choose A [A]— > LAFTIR Bl HE, AR A Bl 2 R W AL B L EB L fail A
Ho FATATLME R — 48 26 71_EE LI failo

XA S T — Bk, RIS AR KR ES S A R Eolnin ixX ik & 22.13 F128 L path REFE
Bl 2211 HEYAREE, FEEI a & e 2R (AL 22,11 AT LIAE AT E). A2 L
TH E L true-choose XA o551 28 25 [R] Y (Al U TCRE N T HY -

(define (guess x)
(guess-iter x 0))

(define (guess-iter x g)
(if =x g
g
(guess-iter x (+ g (true-choose ’(-1 0 1))))))

i _E 1 € L true-choose, (guess n) FAE n HAEAEN IR S22 L,

FATE SLIEH choose BT A BT WM BG4 i e AERX WA 4B AT A I E A true-
choose M7 HOIAMEIREE il IXFRMON T B 3 G R UL AT RES A LE R R M.t anii, an
W two-number (% 202 1) f# H A IX A WA choose, B A AS 2 A R B AH [F] 1) — X4
o, ME L E BRA F AR R XAERIAT A AT RE R R ATREE A, AT REA  IXEALE L
M E o

TR, IX A WA 9 S B0 R AR S 13 e B AR B R o AERRRE RO ACRG R 220 ] & i B A JR T
TR A2 55— gensym I 1Y tago

Woods, William A. Transition Network Grammars for Natural Language Analysis. CACM 3, 10 (Oc-
tober 1970), pp. 591-606.

A arn RGEH BIERAE R REAE T 0 2% HL A U RME OBk _E B A av 0 B MR
(9 AR, AH A FRATTIA A — B0 A A o 7 58 il A B e A S O ACHS o BRI —
> lambda A, LEX B RN A T H A ke 25017 AR5 5 mods (55 220 1) 422411
AR L AR A 17

(defnode mods
(cat n mods/n
((lambda (regs)
(append (butlast regs) (setr a 1 (last regs)))))
(setr mods *)))
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M iE

226

226

240

243

245

AR 2R SR 1L 2 IS (101 (VB TE L), M LA A7 & a WS LI SE6) (A2 AE aTN
HTRUZ A 28 Hh A, P LAY @ SE40) B 1o

W RA LERYE T MR S XX A Prolog iMEME L, 1LE REF A By S S8l 22 Tiik
AT choose 1 F] prove (55 235) HIAI:
(=defun prove (query binds)
(choose
(choose-bind b2 (lookup (car query) (cdr query) binds)
(=values b2))

(choose-bind r *rulesx*
(=funcall r query binds))))

HatE T — RS A S Z IEECRISE R, AT LA Ay 2%

(defmacro check (expr)
‘(block nil
(with-inference ,expr
(return t))))

AR IR B )5 A A IEAS 5 7 () 4917 845 T K 1Y - Sterling, Leon, and Ehud Shapiro. The Art of
Prolog: Advanced Programming Techniques. MIT Press, Cambridge, 1986

Lisp FHYIR2 BESBOA — I BI B AUFRIE X AT RE 2™ H B ASIX [ T35 5 RUHE o BURA AR X
FERYE 5, 35 “FRATZ ot IROMARMUA XS R AR AT £ o (HAR 20 “ P12
M Lisp, RN ZA Lisp 4afe” X W EXBOIR A~V AEEFHAYAITER , XIH BT
WiEe AEABNTHRA, A2k Lisp R5EA, AR 2 HMERNAZR B — MRS EN S 294K,
FATHE VR AT, (L RMRE S ALK, Lisp B il— 1] “ALBEFIRAE S, A HR ML
TSI ET BT B SUA R, PR N “BIIE ST o (ARIXEA T, AT REAE
H Lisp AR HE, WRAA — ORI K22 B SRR RETE = A 2R 1 AR 28 44 S8 T R4, 3
AU XTI R R T T 5 .

JITAHE Lisp B R A A 20200 LRGSR 2¢ TR Lisp BYRENIRT & M 2 /DT ali s Ry
Pho £ “Lisp 25 7 FAT A7 3X A FRT , sl AT AZ N B, RN Lisp A2 ME— A
B SR

HTFRERIE S, AR A SRR NP P A TTREHSE R A4 sort AR ERFFE
TR TR Ftnie, — N IEH ) Common Lisp SEEUAT RESXFEAL:
> (let ((v #((2 . a) 3 .Db) (1 .c) (1. d)))

(sort (copy-seq v) #’< :key #’car))
#((1 . D) (1 .0C (2.4 @B .B)

AT AR H P e ny i P TC R AR ] T . N E R stable-sort H] LATEHETHY A
I, SREFTC R ORI S G KT -
> (let ((v#((2 . a) 3.1b) (1 .c) . d)))

(stable-sort (copy-seq v) #’< :key #’car))
#((1 . C) (1 .D) (2. 4 (3. BN

! sort 24 stable-sort & —FhH WEH IR, H— TR ZEINH sort AL ER. =
SE bR sort I/ stable-sort #VE T REMB L ENTRIHEIT Ao IRV A BAE AR T
S AR B ARVRHE R B M Z A48 Do ANk, 7E get-ancestors H ] stable-sort &4 4
FY, BRI HE e B 810 262 A T
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?, 155
*contx*, 184
s> D6
,0,58,92

:, 266
11,265

o, 205

#, 158

#7,8

#(, 160
#.,50
#:,86

#7, 156

#[, 157

#\, 160

_» 165,175,230
l,39

aand, 132

abbrev, 148
abbreviations Zfill& 15, 147
abbrevs, 148

Abelson ,Harold, 12
ablock, 133
Abrahams, Paul W, 272
raccessor, 254
accumulators R AR, 15
acond, 132

acond?2, 136

Adams, Norman I., 276
after, 33

aif, 132

aif2, 136

alambda, 133

Algol, 5

allf, 115
:allocation, 256
alrec, 142

always, 156

ANst Common Lisp, iii

antecedent FIHE , B, o4, 226

append

Prolog implementation, 231
appendl, 30
=apply, 184
apply, 9
on &rest parameters, 91
with macros FllZZ—#2 H, 73
arch #t
bottom-up program as [ IG[H]_E4aFRIEN, 2
Lisp as &7f2L, 5
Armstrong, Louis, ii
artificial intelligence A\ T#HE, 1
asetf, 153
assignment JI{{H
and referential transparency 15| HiZ& B, 137
in Prolog, 239
macros for, 116
order of [¥JIiIfF, 120
parallel Jf1T, 64
assoc, 135
ATNs, 213
arc types SRS INHITIZE, 217
correctness of HY IEAfiTE, 218
destructive operations in B VR, 218
for natural language H T HATHF, 213
like functional programs TR ELCRE P HHR, 220
nondeterminism in, 215
order of arcs F AL AT, 215
recursion in j#, 214
registers of & {7, 214
represented as functions B EAFILTT, 215
tracing, 216
atrec, 145
augmented transition networks 70 4% % [ 45, & 1L
ATNs
AutoCAD, 1, 3
automata theory H ZI#/lE18, 203
avg, 125
awhen, 132
awhen2, 136
awhile, 132
awhile2, 136

279
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backquote () 51 H, 56 detecting potential, 80
in ATNs, 214 free symbol capture H FHAF 534, 80
nested {iXE, 147, 149, 276 avoiding WEE, 83
backtraces, 74 intentional, 131, 185, 218
backtracking, 203 macro argument capture % Z 4L, 79
bad-reverse, 19 of block names, 87
barbarians #7255 A, 195 of function names, 87
Basic, 20, 22 of tags, 87
battlefield %37, 5 >case, 103
before, 33 case, 10

Benson, Eric, 91

best, 35
Bezier curves I ZE/RHHZE, 128
=bind, 184

binding, 165
binding list #F:E 41138, 164
bindings, altering, 72
blackboards 24, 194
block, 104
implicit [, 87, 104
block-names IS HL 4,5, 87
&body, 58
body (of a rule), 226
body (of expressions) {4 (xR, 58, 60
bookshops, 27
bottom-up design HJiE[A_ERTKIE, i, 2
and functional arguments FH PR £ (24K, 28
and incremental testing FAHG L, 25
and shape of programs, 2
multilayer /2], 225
break-loop, 37
brevity TRy, ii, 28
bricks, furniture made of HfiSKWIHIZ H, 77
Brooks, Frederik P, 3

C, 269
C++, 278
call-next-method, 138, 261
sketch of, 249
call-with-current-continuation (call/cc), 180
at toplevel, 203
capital expenditures BT A7 Hi, 28
capture HIE, 79
avoiding by prior evaluation, 83
avoiding with gensyms, 85

avoiding with packages, 86

case-sensitivity, 231
chains of closures, 51, 186
Chocoblob £ HE, 207
choose, 199
extend of 1F3%, 202
choose
Common Lisp version, 204
Scheme version, 203
choose-bind, 204
chrnonological backtracking, 203
classes 2
defining /& ¥, 254
Clinger, William, 275
CLOS, 254
as an embedded language, 244, 262
closed world assumption i 4t F B &, 173
closures 13, 12, 41, 51
crrL, 23U Common Lisp: the Language
code-walkers, 164, 189
Common Lisp
case-sensitivity of, 231
definition of MY xE X, iii
differences between versions
*gensym-counterx, 86
-if-not deprecated, 41
complement, 41
defpackage, 267
destructuring-bind, 62
dynamic-extent, 100
function-lambda-expression, 271
ignore-errors, 99
Lisp package, 266
name of user package, 265
redefining built-in operators, 87, 137
&rest parameters not fresh, 91

symbol-macros, 141



3] 281

with-slots, 163

long names in, 274

vs. Scheme, 180
Common Lisp Object System, £ JL cLos
Common Lisp: the Language, iii
common-1lisp, 266
common-lisp-user, 265
compall, 270
compilation

inline, 17

compilation of closures XJ [t/ 741, 17

compilation 2%, 16

bounds-checking during HH 746 4F, 128

of networks %%, 53
restrictions on HJFR I, 17
compile, 16, 76
compile-file, 17
compiled-function-p, 16
complement, 41
compose, 44
concl, 30
concf, 116
conclf, 116
concnew, 116
consequent ffE1E, 45 R, 226
continuation-passing macros, 184
and tail-recursion optimization, 207
restrictions on, 187
use in multiprocessing, 196
use in nondeterministic choice, 204
continuation-passing (cps), 188
continuations 4 s, 179
cookies 17, 127
copy-list, 48
sketch of, 142
copy-tree, 48, 145
correct E LAY, 209
courtier 77, 261
cut, 235
green, 237
in Lisp, 207
red, 237
with fail, 237
cut, 209

databases ZHE 4

caching updates to Z {7 5T, 122
locks on HI%, 100
natural language interfaces to FY [ 9815 & % [,
213
queries on £ if], 171
representation of HJJEZ, 171
dbind, 160
def!, 43
defanaph, 152
defclass, 254
defdelim, 157
defgeneric, 258
define-modify-macro, 115
defmacro, 55, 63
defpackage, 267
defprop, 247
defsetf, 121
=defun, 184
defun, 7, 75
defining inversions with, 122
delay, 146
destruc, 160
destructive operations, 20, 42
destructuring
and reference, 163
in macros, 62
on arrays, 161
on instances, 163
on lists, 159
on sequences, 159
on structures, 162
differences, 143
dispatching 73VK, 258
do, 65
block in, 87
multiple-valued version, 110
dox*, 65
multiple-valued version, 107
do-file, 137
do-tuples/c, 105
do-tuples/o, 105
dolist, 62
Dolphin Seafood ¥#FF4ET, 150
dotted list, 47
duplicate, 33

dynamic extent A4 EHEL, 100
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dynamic extent fﬁ]?ﬁ}1’ﬁ}ﬂﬁ, 85 rexport, 267
dynamic languages Z751H 5, 278 export, 266
dynamic scope ZAMEHIEL, 11 expt, 22
extensibility
Edwards, Daniel J., 272 of object-oriented programs, 11, 263
elt, 168 extensibility AR, 3
Emacs, £ JL GNU Emacs extent, dynamic, 85, 100
embedded languages, 4, 128, 171
ATNs as, 215 _f,118
borderline of, 171 factions JR &, 114
end-of-file (eof), 137, 155 factorials, 239, 269
English %41, 213 fail, 199
environment fail
argument, 63 Common Lisp version, 204
interactive, 5 Scheme version, 203
null %5, 64, 193, 274 failure, 134
of macro expanders 7 /BT 4, 64 fboundp, 270
of macro expanders ZJ& 45, 274 fif, 45
of macro expansions, 72 filter, 30
error, 100 simpler version, 271
error-checking 5 15 2¥, 30 find-if, 28, 135
eval sketch of, 142
explicit, 109 version for trees, 48
eval find2, 33
explicit, 22, 137, 192 evolution of, 27
on macroexpansions, 61 finished programs, 197
sketch of, 272 fint, 45
evaluation flatten, 32, 48, 145
order of simpler version, 271
in Common Lisp, 90 Floyd, Robert W., 203
in Scheme, 180 fmakunbound, 260
evaluation >R1{H fn, 139, 158
avoiding %, 102 Foderaro, John K., i
lazy TEYE, 144 for, 104
evenp, 10 force, 146
evolution Fortran, 5
design by, 1 fullbind, 227
of Lisp, 106 fun, 45
of programming languages, 5 fun /Rl iv
expander code, 66 =funcall, 184
expansion code, 66 funcall, 9
expansion of function calls, avoiding
multiple, 92 with macros, 72
explode, 38 by inline compilation, 73
exploratory programming £ 2 24w, 196 by tail recursion, 15

exploratory programming IR 2 2L HI AT, 1 function-lambda-expression, 271
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functional interfaces, 23
functional programs, 19
almost, 23
and bottom-up programming, 24
from imperative ones, 22
shape of, 20
functions
compiled, 16
functions PR%L
as a data type 1F %2R, 7
as arguments, 9, 28, 120
as lists, 18
as properties {E N JEE, 10
as return values, 12, 41, 51, 139
closures of, 12, 41, 51
stack allocation of, 100
use in nondeterministic choice, 205
combined with macros, 93, 101, 184
composition of, 44, 139, 158
constant, 156
defining, 7
filleting & A4 25, 76
generating recursive, 45, 141
generic, £ JL generic functions
internal 6, 118
interpreted, 16
literal, 8
recursive, 14, 133
local, 14
names of, 8, 147
redefining built-in, 87, 118
set operations on, 45, 139
tail-recursive, 15
transforming into macros, 68
undefining, 259
vs. macros 7, 72

with state, 12, 43

Gabriel ,Richard P, 16
garbage B3

collection [H[1f, 5, 53
Gelernter, David H., 137
generalized variables | X AF i, 113
generalized variables | X AF it
meaning of, 122

generic functions, 258

defining & ¥, 258
removing, 260
gensym, 85

as unbound, 168

to indicate failure Z£/N R, 136

*gensym-counterx*, 86
gensym?, 167
gentemp, 273
get, 42
get-setf-expansion, 117
get-setf-method, 117
gethash, 135

recursive version, 244
gift-shops, airport, 193
GNU Emacs, 1, 3
go, 67,104
gods T, 5
gold 47, 268
good-reverse, 20
group, 30

simpler version, 271

Hart, Timothy P., 272
hash tables I3 773, 43, 171, 244

hiding implementation details, 149, 265

hygienic macros, 273

ice-cream, 257
ice-skating VK, 22
if-match, 165

if3, 102
ignore-errors, 99
Igor, 200

imperative programming i & ={F

import, 266

in, 103

in-if, 103
in-package, 265
incf, 114

generalization of iz ft, 118

incremental testing MR, 25
indexing, 173
inheritance
multiple, 255
sketch of, 245
of slots, 255
:initarg, 254

¥, 22
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rinitform, 254
ing, 103
instances 245, 254
intellectuals, 260
interactive development, 24, 220
interactive environment, 5
intercourse, lexical T3, 72
Interleaf, 1, 3
intern, 185
intern, 85, 91
interning, 85, 91, 265
intersection, 142
intersections, 143
inversions
asymmetric, 122
defining, 121
iteration
macros for, 72, 104
vs. nondeterministic choice, 202, 227
without loops, 183, 227

Jagannathan, Suresh, 137
jazz B3 E IR, i
joiner, 41

joke, pratical, £~ JL Nitzberg, Mark
keywords KAHT, 268

labels, 14
=lambda, 184
lambda, 8
lambda-expressions, 8, 14
last, 29
lasti, 30
Latin, 213
lawyers I, 208
lengths of programs, 269
let, 97,137
letx, 117
Levin, Michael 1., 272
lexical scope TA#AF I, 11
life, meaning of, 136
lions, 24
Lisp
1.5,63
defining features of, 1, 5, 244

integration with user programs, 73

slowness of {[G&Y, 197
speed of, 269

list processing, 29, 278

lists

accumulating, 31

as binary trees, 47

as code, 76

as facts, 171

as trees, 181

decreased role of, 29
disambiguating return values with, 135
dotted, 271

interleaving, 108
operating on end of, 116
quoted, 24

recursers on, 46, 141

uses for, 47

locality it 24
longer, 30
loop, 104

loops

interrupting %JJ:, 104

1lrec, 46

mac,

61

macroexpand, 60

macroexpand-1, 61

macros 7%, 55, 7~ I JL backquote, read-macro, symbol-

macros
access, 114, 149
anaphoric f7fX;, 131
and referential transparency 5| HiEH, 137
for distinguishing failure from falsity -4 | X3l
RIGANIE AR, 135
for generating recursive functions -4 | 4= il
IR 2L, 141
mutiple-valued %1d, 136
and apply, 73
and cLos, 262
and referential transparency, 93
applications of, 74
arguments to HZ4{, 71
as abbreviations, 147
as programs 1 AFEFF 1Y, 64
calls invertible A5 JH H, 113
clarity %, 66, 160
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combined with functions, 101, 184 map->, 35, 36
compiled, 55, 67, 90 mapO-n, 34
complex & 7%, 64 mapl-n, 34
context-creating, 97 mapa-b, 35
defining, 55 mapc, 109
efficiency RE, 66 mapcan, 27, 31
environment argument to, 63 nondestructive version JEAIRYE ) WA, 36
environment of expander, 63, 274 sketch of FLAH MM A HY, 35
environment of expansion, 72 mapcar, 9
errors in, 5~ 1, capture version for multiple lists F T2 1> %1 38 FY hit A,
modifying arguments, 91 36
modifying expansions, 92 version for trees T AIRA, 36
non-functional expanders, 91 mapcars, 36
nonterminating expansion, 93 mapcon, 120, 150
number of evaluations, 89 mappend, 36
order of evaluations, 90 mappend-mklist idiom, 108
expansion of, 55 mapping functions BT BREL, 34
in compiled code, 90 mark, 209
multiple, 90, 92 match, 165
non-terminating /KA L, 93 maxmin, 143
testing, 61 McCarthy, John, 1, 272
time of, 55 Meehan, James R., 276
for building functions, 139 member, 59
for computation at compile-time ZiF#5 11 &, 125 misuse of {iti FH, 102
from functions, 68 returns a cdr IR [Al—1 cdr, 33
hygienic, 273 member-if, 135
justification of, 272 memoizing 021K, 43, 118
macro-defining, 147, 184 memg, 59
parameter lists, 62 message-passing 14 S8, 244
position in source code, 67, 184 vs. Lisp syntax ®F4 Lisp 1815, 246
proportion in a program, 77 method combination J7 41L&
recursion in, 92 and
redefining FL1E 3, 67, 92 sketch of, 253
built-in, 137 operator
simple, 59 sketch of, 252
skeletons of, 81 or
style for [ X#%, 66 sketch of, 253
testing iz, 60 progn
unique powers of, 71 sketch of, 252
vs. functions BREY, 72 :method-combination, 262
when to use, 71 methods 775
mainframes KR!/, 243 adhere to one another 5 H EHCA—1K, 258
make-dispatch-macro-character, 156 after-
make-hash-table, 43 sketch of, 248
make-instance, 254 around-

make-string, 38 sketch of, 249
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as closures 1E N #14, 263 networks
auxiliary H 1) representing, 51, 53
sketch of, 248 next-method-p, 261
before- sketch of, 249

sketch of, 248
isomorphic to slots Fll slot [H] I AHELE, 256
of classes 2511, 256
redefining H & 3, 259
removing ﬂﬂﬂﬁéﬁ, 259
sketch of, 251
specialization of HY4#{L, 257
on objects FI X X4, 258
on types §1 XA, 258
without classes 1% /A 2], 258
without classes /it 252, 258
Michelangelo KFHRATE R, 8
Miller, Molly M., 91
mines %A, 183
mklist, 30
mkstr, 38
modularity B, 114, 265, 266
de Montaigne Michel, 2
most, 35
most-of, 125
mostn, 35
moving parts B3R, 2
multiple values £ 1H, 21
iteration with %4, 106
to avoid side-effects LARESREIVEH, 21
to distinguish failure from falsity [X 71| 2 WU A1 12
B, 135
multiple-value-bind, 21
leftover parametersnil, 161
multiprocessing 2 HEFERTHL, 191
mvdo, 110
mvdo*, 107
mvpsetq, 109
Mythical Man-Month, The N\ F] #iii, 3

name-spaces, 8, 141, 180, 267, 273
natural language, 5 L ATNs
nconc, 21, 23, 91
negation

in Prolog, 227

of facts, 173

of queries, 175

:nicknames, 267
nif, 57,102
nil
default block name, 87
forbidden in case clauses, 103
multiple roles of, 34, 134
nilf, 115
Nitzberg, Mark, £ JL joke, pratical
nondeterministic choice FHfi a8 141%E4%, 199
and search, 201
appearance of foresight FlHIAKHIFK L, 201
breath-first | JE 5, 210
Common Lisp implementation Common Lisp =
I, 204
and tail-recursion optimization A5 i A1/
1k, 207
need for CPS macros CPS ZZHJEK, 206
restrictions on H: R, 206
correct IEHf, 209
depth-first AL, 203
in ATNs, 215
nonterminating, 204
in functional programs, 199
optimizing, 207
Scheme implementation Scheme SEHR 203
vs. iteration, 202
Norvig, Peter, 137
nreverse, 20
sketch of, 270
nthmost, 126

object-oriented programming

, T8 7T JL C++; classes; CLOS; generic functions;
inheritance; methods; message-passing; slots;
Smalltalk

and extensibility, 11, 263

danger of, 263

defining features of, 244

in plain Lisp, 244

like distributed systems, 243

name of, 243

on-cdrs, 142
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on-trees, 145
open systems I RS, 3
orthogonality 1381k, 42

*packagex, 83, 265

packages, 265
aberrations involving, 266
avoiding capture with, 86, 87
creating, 265
current, 265
inheriting symbols from, 266
nicknames for %55, 267
switching, 265
user, 265
using distinct, 87, 265

parsers, nondeterministic AT, AER I, &L ATNs

pat-match, 166

paths, traversing, 105

pattern variables, 164

pattern-matching, 128, 164

phrenology HIHI, 20

planning 141, 1

pointers ff%f, 51

pools 7, 218

pop-symbol, 152

popn, 118

position, 33

*print-array*, 169

*print-circlex, 47

print-names, 38, 86, 265

processes 4, 191
instantiation £, 193
scheduling ¥ %, 193
state of IR, 192

proclaim, 17, 30

productivity =73

programming languages #ift15 5
battlefield of H/%37, 5
expressive power of HFEIXRE T, ii
extensible ] ¥ FEHY, 3
high-level =2, 5

Prolog, 225
assignment in HIRAE, 239
calling Lisp from, 237
case-sensitivity of, 231

conceptual ingredients, 225

nondeterminism in, 232
restrictions on variables, 240
rules
bodyless, 226
implicit conjunction in body, 228
left-recursive, 233
order of, 230
subverting 1 %, 241
syntax of, 231
promises K 1f5, 144
prompt, 37
property lists JETEFIZ, 11, 42, 148
propmacro, 149
alternative definition, 274
propmacros, 149
prune, 32
simpler version, 270
psetq, 64
multiple-valued version, 109
pull, 118
pull-if, 118
push-nreverse idiom M, 31
pushnew, 119

queries 27 if]
complex 7RI, 172
conditional £&1F, 132
query languages #Ifj15E 5, 172
quicksort, 241
quote, 56, 272
quoted lists, returning, 24, 92

rapid prototyping P Jf B I %, 196
of individual functions .1 KL, 32
re-use of software [CASEEH, 2
read, 37, 85, 136, 155
read-delimited-list, 157
read-eval-print, 37
read-from-string, 37
read-line, 37
read-macros, 155
:reader, 256
readlist, 37
recurser, 269
recursion ¥ JH
in grammars, 203

in macros, 92, 133
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on cdrs, 45, 141

on subtrees 1E 7 I, 47, 144

tail-, 15, 93

without naming, 269
reduce, 253
reduce, 143
Rees, Jonathan A., 275, 276

referential transparency 5| i HH, 137

remove-duplicates
sketch of, 142
remove-if, 10
remove-if-not, 27
rep_, 227
reread, 38
&rest parameters, 58
in utilities, 119
not guaranteed fresh, 91
return, 87, 104
return-from, 87, 104
reverse, 20
rfind-if, 48, 145
alternate version, 271
rget, 246
rich countries & # B E &, 197
rmapcar, 36
Rome % 5, 196
rotatef, 20
rplaca, 113
rules
as virtual facts, 226

structure of, 226

Scheme
cond, 133
macros in, 273
returning functions in, 41
vs. Common Lisp, 180
scope EHIIE, 11, 41
scoundrels, patriotic, 246
scrod % ff, 150
search trees, 184
sequence operators, 168
series FR1T, 37
set, 121
set-difference, 143

set-macro-character, 155

setf, 113

setq
destroys referential transparency, 137
now redundant, 116
ok in expansions, 67

Shapiro, Ehud, 278

sharp(#), 156

shuffle, 109

side-effects @I{EH, 19
destroy locality B I i Pk, 24
mitigating /£ #5424, 23
on &rest parameters 1F grest ??ﬁiﬁ/‘], 91
on quoted 7E5| X% I, 24

signum, 57

single, 30

Sistine Chapel P4 K4, 8

sketches .5, 196

sleep, 44

slots
accessor functions for, 254
as global variables, 263
declaring 71, 254
initializing, 254
isomorphic to methods 177 2 [H] Y FH LI, 256
read-only, 256

Smalltalk, 244

some
sketch of, 142

sort, 10, 245

sortf, 120

sorting
of arguments, 120
partial, 127

special, 12

special forms, 7, 272

speed, 16

splicing #/f#%, 58

split-if, 33

sqrt, 22

squash Aill f# 4K, 107

stable-sort, 245, 278

stacks 1%
allocation on M F3 AL, 100
in continuations, 179, 181
of ATN registers, 217

overflow of, 276
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use for iteration, 182
Steele, Guy Lewis Jr., iii, 29, 147, 275, 276
Sterlin, Leon, 278
strings T4 H

as vectors, 160

building 1%, 38

matching, 169
Structure and Interpretation of Computer Programs 15

HURE PP M NIARRE, 12

structured programming, 67
subseq, 168
superclasses

precedence of, 257

sketch of, 246

Sussman , Gerald, 12
Sussman, Julie, 12
swapping values Z 45 fi I{H, 19
symb, 38
symbol-function, 9
symbol-macrolet, 69, 142, 145
symbol-macros, 69, 141, 163, 164
symbol-name, 38
symbol-package, 265
symbol-value, 8, 121
symbolic computation 7511 %, 278
symbols 145

as data, 267

building 4%, 38

exported, 266

imported, 266

names of, 38, 86, 265

T, 276
tagbody, 104
tail-recursion optimization BB, 16
needed with CPS macros, 207
testing for 5, 270, 276
taxable operators 7 19 il {8 FH HERAERF, 21
testing iz
incremental #4455, 25
TiX, i, 3
tf, 115
Theodebert, 163
three-valued logic —{HZ/%#, 101
till, 104
time, 44, 250

times of evaluation, 155, 158

toggle, 115
top-down design H T[] F A4t 2
trace, 185

trace, 74, 216
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